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PREFACE. 



This little book contains a short description of a 
course of practical chemistry, which an experience 
of many years has proved suitable for those com- 
mencing the study of the science. The work is, 
however, not intended to supplant, but rather to sup- 
plement instruction given by the Teacher, as it points 
out the principles of the various processes and names 
the various reactions without entering into the details 
of the necessary manipulation, which after all can 
only be satisfactorily learnt by practical demonstra- 
tion. The subject-matter has been carefully compiled, 
under my supervision, by Mr. Francis Jones, formerly 
Junior Demonstrator in this Laboratory, and many 
improvements in the analytical tables are due to 
Mr. Schorlemmer, F.R.S., the Senior Demonstrator. 

To those about to use the book, I would give the 
following advice : — 
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1. Be sure you understand the theoretical explana- 
tion (for which you may have to refer to other books) 
as well as the practical part of the experiment, or 
the reaction, which you perfoftn. 

2. Keep careful notes of each day's laboratory work, 
and write out answers to the questions found at the 
end of these pages, 

3. One of the first virtues in the practical chemist 
is cleanliness. Learn to work neatly, and you will 
soon obtain exact views of the science. Those who 
work in a mess not unfrequently get their minds in 
a muddle. 

H. E. ROSCOE. 

The Owens College, 
Manchester, 
October^ 1872. 



CONTENTS. 



PART I. 
Preparation of Apparatus, Gases, &c. 

PART II. 

Blow-pipe Analysis . , . . . . 
Bunsen's Flame Reactions .... 
Preliminary Examination .... 



PACK 

I 



PART III. 

Grouping of the Metals ...••.. 
Reactions of the Metals of the Silver Group . 
Separation 



i> 



t> 



>> 



Reactions 


>) 




Separation 


• » 




Reactions 


' > 




Separation 


>> 




Reactions 


>» 




Separation 


11 




Reactions 


»» 




Separation 


tt 




Reactions 


t» 




Separation 


99 





Copper Group 

ft 

Arsenic Group 

ft 

Iron Group 

it 
Barium Group 

tt 
Potassium Group 



»t 



4i 
46 

55 



60 

63 

65 
66 

70 

72 

80 

81 

88 

90 

92 

94 
96 



VUl 



CONTENTS. 



PART IV. 

Grouping and Reactions of the Inorganic Acids 

Separation of Inorganic Acids 

Grouping and Reactions of the Organic Acids 

Tests for Organic Alkaloids '. 

Separation of Organic Acids ,..•». 



I'AGS 

97 

"5 
ii8 

124 



PART V. 
Grouping and Reactions of the Rare Metals . 



132 



APPENDIX. 

Table of the Elements 147 

Questions and Exercises 151 



INDEX 169 



JUNIOR COURSE OF 

LABORATORY PRACTICE. 



PART I. 

PREPARATION OF APPARATUS. 
GASES, &c. 

I . Glass stirring-rods. 

Divide a piece of glass rod into several pieces about 
two decimetres in length. This is done by filing the 
glass rod at each place where it is to be cut off, with 
a three-cornered file, and then snapping it across. 
Knock off any projecting pieces of glass which may be 
left at the newly-cut edges, and then hold each end of 
the rod in the flame of a Bunsen lamp until the sharp 
edges are fused and rounded. The glass rods thus 
made serve for stirring liquids, &c. 

a. A wash bottle. 

Soften a cork by gently rolling it under the foot, and 
fit it air-tight into the neck of a flask about one litre 
capacity. Then, by means of a round file, bore two 
holes in the cork about three millimetres in diameter^ 

B 
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and running parallel to each other and to the longer 
axis of the cork. Next obtain two pieces of glass 
tubing of the same diameter, one three decimetres 
long and the other half that length. Hold one end 
of the longer tube in the Bunsen flame 
until the opening contracts considerably 
(but take care not to seal it up entirely), 
and then bend it about half a decimeter 
from the end, as shown in the figure. 
This is done by holding the glass tube 
horizontally in a common batswing gas 
jet flame, turning it round so as to heat 
all parts equally, and bending to the pro- 
per angle as soon as it feels sufficiently 
soft. Now round the edge of the wide 
end of the tube by holding it in the 
flame till it softens, and when cold fit it into the cork. 
In a similar way round both ends of the shorter piece 
of tubing, bend to the angle shown in the figure, and 
fit into the other hole. Clean out the flask and tubes 
thoroughly, rinse with distilled water, and then fill up 
with distilled water. 
3. Preparation of oxygen from mercuric oxide. 
When mercuric oxide is heated it is decomposed 
into mercury and oxygen. 

Mercuric oxide yields mercury and oxygen. 
* HgO = Hg + O 
216 = 200 + 16 




Fig. z. 



* For the explanation of these symbols a larger work must be con- 
sulted. See p. 15 of Roscoe's " Elementary Chemistry.** 
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Place a small quantity of mercuric oxide in a dry 
test tube, and heat it over a Bunsen lamp. The sub- 
stance darkens in colour, and a ring of minute globules 
of mercury soon forms on the cool part of the tube. 
That the tube contains oxygen may be shown by 
plunging a glowing chip of wood into it, and observing 
that the wood will be rekindled. It is advisable to 
keep the thumb loosely on the mouth of the test tube 
to prevent the escape of oxygen by diffusion. 

A. Preparation of oxygen from potassium chlorate. 

Potassium chlorate when heated is decomposed into 
oxygen and potassium chloride. (See Roscoe, p. 16.) 

Potassium chlorate yields potassium chloride and 

oxygen : 

KCIO3 = KCl + O3. 

122*6 = 74*6 + 48. 

Place a few crystals of potassium chlorate in a dry 
test tube, and heat gently. The salt soon fuses and 
then begins to effervesce, giving off oxygen, which may 
be recognized, as before, by its power of rekindling a 
glowing chip. When oxygen ceases to be evolved, the 
residue is a white salt called potassium chloride; 

5. Tests for Potassium chlorate and chloride. 

A solution of potassium chlorate is not precipitated 
by a solution of silver nitrate ; but potassium chloride 
is precipitated, silver chloride being formed. 

Potassium chloride and silver nitrate yield potassiunj 
nitrate and silver chloride : 

KCl + AgNOa = KNO3 -f AgCl. 

74-6+ 170 = lori + i43"S- 

B 2 
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Dissolve a crystal of potassium chlorate in distilled 
water, then add solution of silver nitrate, no precipitate 
will be fonned. Dissolve also the residue of potassium 
chloride (obtained in 4) in distilled water, and add 
silver nitrate solution. A curdy white precipitate ot 
silver chloride will at once be formed, 

0. Preparation of oxygen from potassium chlorate 
and manganese dioxide. 

Potassium chlorate when mixed with about one-fifth 
of its weight of manganese dioxide, gives off its oxygen 
at a much lower temperature than when heated alone, 
although the oxide itself remains quite unaltered. 



Place in a small flask (about loo cubic centimetres 
capacity) a mixture of potassium chlorate and manga- 
nese dioxide in the proportions already mentioned. 
Then fit into the neck of the flask a cork through 
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which a bent conducting tube passes, the lower end of 
which is placed under water in the pneumatic trough. 
Fill some gas jars with water and invert them in the 
trough. Support the flask on a retort stand, and heat 
the mixture (Fig. 2) ; as soon as heat is applied, bubbles 
of gas will begin to rise through the water, consisting 
of air expelled from the flask by the heat. These are 
allowed to escape, and the oxygen, which soon begins 
to come off abundantly, is collected by placing the in- 
verted bottles over the end of the conducting tube, and 
thus allowing the bubbles of oxygen to ascend into the 
bottles and displace the water. As soon as the first 
bottle is filled with oxygen, place a shallow earthen- 
ware tray under the neck, and remove it from the 
trough, taking care that the tray contains enough water 
to prevent the escape of the gas. When four bottles 
have been filled in this manner, remove the flask and 
conducting tube and allow the former to cool. 

7. The residue from the preparation of oxygen from 
potassium chlorate and manganese dioxide is potassium 
chloride^ and unaltered manganese dioxide. 

Dissolve in water the residue in the flask from the 
preparation of oxygen, filter from the insoluble manga- 
nese dioxide, and evaporate the filtrate in a porcelain 
basin to a small bulk ; on cooling, crystals of potassium 
chloride will separate out. Pour off the mother liquor, 
dry the crystals between filter paper, and keep them in 
a small bottle for future experiments. 

•• Combustions in oxygen. 

Whoi a taper is burned in oxygen, the carbon which 
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it contains unites with the oxygen, forming carbon di- 
oxide (carbonic acid gas), and the hydrogen also unites 
with the oxygen, forming hydrogen monoxide (water). 
Carbon and oxygen yield carbon dioxide : 

C + O2 =• COg. 

12 + 32 = 44. 
Hydrogen and oxygen yield water ; 

Ha + O = H2O. 

2 + i6« 18. 

Place a small piece of taper on an iron wire support, 
light it, and plunge it into one of the jars of oxygen 
(prepared in 6). Observe that it bums much more 
brightly than in air. Withdraw it, blow the light out, 
and if only a spark remain on the wick, observe that 
when again plunged into the oxygen it is at once 
rekindled. This serves as a convenient test for the 
presence of oxygen. When solution of calcium hydrate 
(lime water) is placed in contact with carbon dioxide, 
calcium carbonate (chalk) and water are formed, and 
the former, being insoluble in water, is precipitated as 
a white powder. 

Calcium hydrate and carbon dioxide yield calcium 
carbonate and water ; 

Ca(H0)2 + CO2 = CaCOg + HgO. 
74 + 44 = 100 + 18. 

Prove that the jar in which you have burned the 
taper contains carbon dioxide, by adding a little clear 
lime water to it and shaking so as to bring the gas and 
liquid in contact. A white precipitate will be formed, 
consisting of calcium carbonate. 
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9. When charcoal is burned in oxygen carbon dioxide 
is produced, (Compare 8.) 

Place a few pieces of charcoal, about the size ot 
peas, in the deflagrating spoon, hold this in the lamp- 
flame till the charcoal is just kindled, and then plunge 
the spoon into a jar of oxygen. The charcoal will burn 
with great brilliancy, and, if enough oxygen be present, 
nothing will remain on the spoon but a little white ash 
(the inorganic matter in the charcoal). 

Prove the presence of carbon dioxide (as in 8) by 
adding lime water. 

A similar union of carbon and oxygen takes place in 
animals when breathing, but the combustion is slow, 
not rapid. A portion of the carbon of their bodies 
unites with the oxygen which they inhale from the air, 
and carbon dioxide is produced. Observe this by 
blowing the air from the lungs through a glass tube 
into some clear lime water, a white precipitate of cal- 
cium carbonate soon forms, caused by the union of the 
carbon dioxide of the breath with the lime. (See 
Roscoe, p. 14.) 

10. When sulphur is burned in oxygen^ sulphur 
dioxide {sulphurous anhydride) is produced. 

Sulphur and oxygen yield sulphur dioxide ; 

5 + 02= SO2. 

32 + 32 = 64. 

Place a few pieces of sulphur in the deflagrating 

spoon, heat until the sulphur is melted and takes fire, 

and then plunge it into a jar of oxygen. Observe that 

the sulphur, which only burned feebly in air, burns 
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with considerable brightness in oxygen. When it has 
ceased to burn, remove the spoon, and observe the suf- 
focating odour of the gas which has been produced. 

Free acids redden blue vegetable colouring matters. 

Show that sulphur dioxide when dissolved in water 
forms an acid, and on pouring a solution of blue litmus 
into the wet bottle in which the sulphur was burned, 
observe that the blue colour is changed to red. 

11. When phosphorus is burned in oxygen^phosphorus 
pentoxide {pr phosphoric anhydride) is produced. 

This is not a gaseous body like the dioxides of sul- 
phur and carbon, but is a white solid substance, which 
very readily unites with water, forming tri-hydrogen 
phosphate (tribasic phosphoric acid). 

Phosphorus and oxygen yield phosphorus pentoxide : 

2 P + Og = PjOfi. 

62 + 80 = 142. 

When the oxygen has been collected over water, 
there is always enough moisture in the gas-jar to unite 
with the pentoxide, and form a solution of phosphoric 
acid (H3 P O4), thus : 

Phosphorus pentoxide and water yield tri-hydrogen 

phosphate : 

P2O5 + 3 H2O = 2 H3P O4. 

142 -f 54 = 196. 

Place a small piece of phosphorus (having care^ 
fully dried it with filter-paper) on the deflagrating 
spoon, light it by touching it with a hot wire, and 
place it in a jar of oxygen. Observe the intensely 
brilliant light with which it bums, and the dense white 
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fumes of phosphorus pentoxide which are produced. 
Observe too that in a short time these fumes disappear 
for the reason already mentioned ; and show that 
an acid is present by pouring in some litmus solution 
and observing the change of colour from blue to red. 

IS. Presence of oxygen in air. 

Oxygen is present in the air diluted with another 
gas called nitrogen. In one hundred volumes of air, 
about twenty-one consist of oxygen, and seventy-nine 
of nitrogen. When substances bum in air they unite 
with the oxygen in it and produce oxides, just as they 
do when burned in the pure gas. 

Burn a taper, sulphur, and phosphorus in three jars 
of air, and prove that carbon dioxide, sulphur dioxide, 
and phosphorus pentoxide are respectively produced. 
Ascertain this by applying the same tests as in 8, lO, 
and 11. 

13. Preparation of hydrogen. 

Certain metals, such as zinc, magnesium, and iron, 
yield hydrogen gas when they are acted on by acids, 
a salt of the metal with the particular acid employed, 
being formed at the same lime, thus : 

Zinc and sulphuric acid yield hydrogen and zinc 
sulphate : 

Zn + H2S O4 = Hj + Zn S O4 
65*2 4- 98 »■ 2 + i6i*2 ; and 
iron and hydrochloric acid yield hydrogen and ferrous 
chloride 

Fe + 2 H CI = H, + Fe Clj 

56 + 73 = 2 + 127. 
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Place a few pieces of zinc in a wide-mouthed flast 
provided with a cork, through which pass two tubes, 
one a bent conducting tube for leading the gas into 
the pneumatic trough, the other a funnel tube for sup- 
plying add to the linc. Fill four jars with water, and 
collect the gas (which is given off without the aid of 
heal) in the same way as in the case of oxygen (Fig. 3), 
Having placed the end of the conducting tube in 



the pneumatic trough, pour down the funnel tube 
enough water to cover the zinc completely, and then 
add sulphuric acid by degrees and cautiously, shaking 
the flask so as to mix the acid and water. The gas 
will soon come off with increasing rapidity, but the 
first portion must be rejected, as air and hydrogen form 
em explosive mixture. It is therefore necessary to 
wait until all the air has been expelled from the flask 
by the hydrogen. Before filling the jars, collect a test- 
tube full of the gas over the pneumatic trough, and 
apply a light to it (holding the mouth downwards] ; if 
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it bum quietly, you may safely proceed to fill the gas 
jars, but if a slight explosion occur, you must wait 
until another test-tube is collected and found to bum 
quietly. As soon as this is the case, fill four jars with 
the gas, and remove them from the trough in the same 
way as described in 6. 

14. Production of water by the burning of hydrogen 
in air. 

Whenever hydrogen bums in air or in oxygen, 
water is produced. 

Hydrogen and oxygen yield water : 

2 H + O = HgO 
2 + i6 = i8. 

Remove the conducting tube from the hydrogen flask 
above described (but without removing the cork), and 
substitute for it a straight piece of 
glass tube of the same diameter, 
drawn out at the upper end so as to 
form a jet (Fig. 4). As all the air has 
long ago been expelled, the hydrogen 
issuing from the jet may be safely 
lighted. Hold over this flame a per- 
fectly dry beaker, or test-glass, and 
observe the instant deposit of mois- 
ture on the sides of the glass. This 
is caused by the union of the hy- 
drogen with the oxygen of the air 
contained inside the beaker. 

15. The residue from the preparation of hydrogen 
from sine and sulphuric add is zinc sulphate. 




Fig. 4. 
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Filter a* portion of the contents of the flask used for 
preparing hydrogen from the undissolved zincj and 
evaporate the filtrate to a small bulk. On cooling, 
crystals of zinc sulphate will be formed, which are 
drained from the mother liquor, dried between filter 
paper, and kept in a corked tube or bottle for future 
examination. 

16. Hydrogen is an inflammable gas. 

Apply a light to one of the jars of hydrogen, and 
observe that it bums. Notice also the deposit of 
moisture on the sides of the gas jar caused by the 
union of the hydrogen with the atmospheric oxygen. 

17. Hydrogen is lighter than air. 

Show this by pouring the contents of one jar, 
upwards, into a jar of air held above the mouth of 
the hydrogen jar. The hydrogen in virtue of its light- 
ness will leave the lower jar and displace the air from 
the upper jar. Apply a light to each jar, and observe 
that the one originally filled with hydrogen no longer 
contains any, while the other originally filled with air 
contains hydrogen. 

18. Hydrogen does not support combustion. 

Take another jar of hydrogen, held mouth down- 
wards, and push up into it a lighted taper, supported 
on a straight wire. The hydrogen will bum at the 
mouth of the jar, but the taper will be extinguished. 
The taper may be withdrawn, relighted, and re-extin- 
guished two or three times. 

19. Preparation of nitrogen. 

When phosphorus is burned in air, it imites with the 
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oxygen, forming phosphorus pentoxide (PiOj), which 
dissolves in water, whilst the residue is nitrogen. 

Place a small piece of dry phosphorus on a porcelain 
crucible lid, and fix this on a flat piece of corlc, so that 
the lid may be floated on the water in the pneumatic 
trough, or other tray containing water. Light the phos- 
phorus, and quickly surround it with a ttell-jar, the 
tubulure of which is closed with a cork (Fig. 5), \ 



[Kirtion of the air will first be expelled by the heat, and 
the phosphorus will continue to burn as long as any 
oxygen remains in the air of the bell-jar ; when that is 
exhausted it will cease to bum. Observe that the water 
rises inside the bell-jar, replacing the oxygen, which 
is no longer gaseous, but has combined with the phos- 
phorus to form pho5phonis pentoxide. Wait a few 
minutes to allow the pentoxide to be completely dis- 
solved by the water. The bell-jar then contains 
nitrogen. 

ao Nitrogen does not support fomhustien, and is 
ttot combustible. 

Place a lighted taper 'i the bell-jar, and observe 
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that the flame is at once extinguished, and that the 
gas does not bum. 

fli. Preparation of nitric acid. 

All nitrates when heated with sulphuric acid are 
decomposed, nitric acid and a sulphate being formed. 
Thus, when sulphuric acid acts on potassium nitrate 
(nitre or saltpetre), nitric acid, and hydrogen potassitsm 
sulphate ^isulphate of potash) are produced : 
KNO, + H,SO* = HNOa + HKSO, 
loi'l + g8 = 63 + 136-1. 

Put about twenty grams of potassium nitrate 
(nitre) in a small stoppered retort, place in the tubulure 



a small funnel, and through this pour the same weight 
of strong sulphuric acid. Withdraw the funnel without 
soiling the neck of the retort, place the stopper in the 
tubulure, and support the retort upon a piece of wire 
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gauze placed across the ring of the retort stand. Let 
the neck of the retort pass into a clean flask, so ar- 
ranged that a stream of water may fall on it, and thus 
aid the condensation of the acid (Fig. 6). Now heat 
the retort, and observe the formation of red fumes 
(lower oxides of nitrogen) and soon after, the con- 
densation of the nitric acid on the neck of the retort. 
When the contents of the retort cease to boil, with- 
draw the lamp, separate the receiving flask containing 
the nitric acid from the retort, and pour out the con- 
tents of the latter into a dry porcelain dish. When 
cold, break up the cake of hydrogen potassium sulphate 
thus foimed, and preserve it for future examination. 

as. Tests for nitric acid. 

{a) Add a few drops of the nitric acid prepared as 
above to a solution of indigo contained in a test-tube. 
The blue colour will speedily disappear owing to the 
oxidizing action of the nitric acid. 

(fi) Place a few bits of copper turnings in a test- 
tube, cover them with water, and add a little nitric 
acid. The copper soon begins to dissolve, forming 
a blue solution, and at the same time brown vapours 
fill the test-tube. In this case also the nitric acid 
acts as an oxidizing agent, forming copper nitrate, and 
red fumes of the oxides of nitrogen are given off. For 
explanation see 30 and 31. 

\c) Add a few drops of nitric acid to a little water 
contained in a test-tube, and then add some strong 
sulphuric acid, and shake until the liquids are tho- 
roughly mixed. Allow this mixture to cool completely ^ 
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and then pour gently on to the surface of the liquid a 
solution of ferrous sulphate prepared by dissolving a 
few crystals of the salt in water. This solution is 
lighter than the other, and if poured on gently will 
form a layer of liquid resting on the heavier sulphuric 
acid, and a black ring will form where the two liquids 
meet. This is caused by the liberation of nitrogen 
dioxide (by the action of the H2SO4 on the HNO3), 
which forms a dark-coloured compound with the 
ferrous sulphate. On shaking the tube, nitrogen di- 
oxide will escape with effervescence, and the black 
ring will disappear. 

Retain a portion of nitric acid for a7. 

S3. Tests fornitrates. 

The same reactions may be used to test for com- 
bined nitric acid {i.e, nitrates), but sulphuric acid must 
first be added to liberate it. 

Repeat the tests a^ b, and c (aa), substituting for the 
nitric acid a solution of potassium nitrate in water, to 
which a few drops of strong sulphuric acid have been 
added. 

24. Preparation of ammonia. 

When caustic alkalies act on salts of ammonium, 
ammonia gas is liberated. Thus : 

Ammonium chloride and caustic lime yield am- 
monia, calcium chloride, and water : 

2 (NH4) CI -f- CaO = 2 NH3 + CaClg + HgO 
107 4- 56 = 34 -f- III 4- 18. 

Place about thirty grams of powdered ammonium 
chloride (sal-ammoniac) and the same weight of pow- 
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dered lime ia a large flask provided with a itghdy- 
fitting cork, through which passes a tube bent as 
shown in the figure. Place an inverted dry gas-jar 
over this tube, and heat the mixture in Uie Bask. 
After the air has been expelled, the ammonia gas will 
come over, and in virtue of its lightness be retained in 
the jar. When the jar is filled, remove it from the 



upright tube, place the palm of the hand on the mouth, 
and immerse the jar (mouth downwards) in the pneu- 
matic trough filled with water ; the gas will be rapidly 
absorbed, and the water will rise so as to fill the jar. 
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Now change the tube for one bent twice at right 
angles (as in Fig. lo), and allow the remaining gas to 
pass into some distilled water contained in a beaker. 
The gas bubbles will be completely absorbed, and when 
the gas ceases to be evolved, be careful to withdraw 
the conducting tube from the liquid, so as to prevent 
it being sucked back into the hot flask. 

SA. Tests for ammonia, 

(fl) Observe the pungent and very characteristic smell 
which the solution of ammonia in water possesses. 

{b) Place a piece of reddened litmus paper above 
the solution, and observe that the vapour given off is 
able to change the colour from red to blue. Place the 
litmus paper in the solution, and the change will be 
still more marked. 

{c) Hold a glass rod which has been dipped in 
fuming hydrochloric acid over the solution of ammo- 
nia : it will at once form white fumes of ammonium 
chloride, caused by the union of the acid and volatile 
alkali. 

Hydrochloric acid and ammonia yield ammonium 

chloride : 

Ha + NH3 = NH4CL 

36-5 + 17 = 53-5. 

S6. The residue from the preparation of ammoftia 
from ammonium chloride and lime is calcium chloride. 

Dissolve a portion of the residue contained in the 
flask used to prepare ammonia, in water, filter from 
excess of lime, and evaporate the solution to dryness. 
A white salt results, which is detached from the evapo- 
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rating basin, and preserved in a well-stoppered bottle 
for future examination. 

S7. Preparation of ammonium nitrate. 

Nitric acid, when neutralized with ammonia, yields 
ammonium nitrate and water : 

HNO, + (NH4) HO ^ (NH4) NOs + H,0. 
63+35 = 80 + 18. 

Place some nitric acid (Si) in an evaporating basin, 
and dilute with twice its bulk of water ; add am- 
monia solution {d4>) cautiously, and with constant stir- 
ring until a drop of the liquid ceases to colour litmus 
paper red. Observe that as the ammonia is added the 
red colour caused by the nitric acid disappears, and a 
point is reached when the liquid neither reddens litmus 
paper nor turns it blue. When this is the case the acid 
is said to be exactly neutralized, and the addition 
of ammonia must be stopped. Evaporate the solu- 
tion of ammonium nitrate thus obtained, until all the 
water is expelled ; when this is the case, withdraw the 
lamp and allow to cool ; a cake of 'fused ammonium 
nitrate is then obtained. If the salt does not solidify 
on cooling, heat must be again applied. 

as. Preparation of nitrogen monoxide {nitrous 
oxide). 

When ammonium nitrate is heated, nitrogen mo- 
noxide and water are produced. Thus : 
(NH4) NO3 = NjO + 2 H,0. 
80 =1 44 + 36. 

Break the cake of ammonium nitrate (S7) into small 
pieces, and introduce them into a small dry flask 

C 2 
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provided with a conducting tube as in 6. Heat gently, 
and after aUowing the air in the flask to be expeUed, 
begin to collect the gas which is produced. As this 
gas is soluble to a considerable extent in cold water, it 
is better to fill the pneumatic trough with warm water, in 
which the gas is much less soluble. Collect four jars 
of the gas, and then withdraw the conducting tube 
from the trough. Do not heat it to the point at which 
all the ammonium nitrate is decomposed, as towards 
the close of the evolution of gas the decomposition 
sometimes becomes complex, and other gases are 
generated so rapidly that an explosion may occur. 
a9. Properties of nitrous oxide. 
Combustible substances bum in nitrogen monoxide 
almost as brightly as in oxygen. They decompose the 
gas, uniting with its oxygen to form oxides, and leaving 
unaltered nitrogen. 

Bum a taper, phosphorus, and sulphur in this gas, in 
the same manner as they were burned in oxygen. The 
products of combustion are the same, namely, carbon 
dioxide, phosphorus pentoxide, and sulphur dioxide • 
but there is in addition a residue of nitrogen. 

30. Preparation of nitrogen dioxide {nitric oxide). 
When nitric acid acts upon metals such as copper 
or mercury, nitrogen dioxide, water, and a nitrate of 
the metal used are produced. Thus : 

Copper and nitric acid yield nitrogen dioxide, copner 
nitrate, and water : ^^ 

1905+ 504 - 60 + 563-5 ^ ^2 
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Place some copper turnings in a flask provided with 
a funnel and conducting tube, as in the figure. Cover 
the copper with a layer of water, and add nilric acid 
by degrees until the gas comes off steadily. Fill two 



jars completely, and a third, half full of the gas, 
and leave the last on the support in the pneumatic 
trough. 

31. Properties of nilrogen dioxide {nitric oxide). 

(a) Nitrogen dioxide readily unites with free oxygen, 
forming higher oxides of nitrogen which have a brown 
colour, N,0, + O - N.Oa and N,0, + O, = N,0,. 
Remove a jar of the gas from the pneumatic trough 
and expose it to the air. Observe at once the forma- 
tion of red fumes, consisting chiefly of nitrogen te- 
troxide (N,0,). Now dip the mouth of the jar under 
water, and observe that these fumes disappear owing 
to their solubility in wafer, and at the same time 
observe the rise of water in the jar. 

(*) Allow a few bubbles of oxygen to pass into the 
bottle half filled with nitrogen dioxide, and observe as 
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before the formation of red fumes, and the rise ot 
water in the jar as these dissolve. 

(c) Nitrogen dioxide does not support the combus- 
tion of a taper, but phosphorus, when burning very 
brightly, is not extinguished when placed in the gas. 
Place a small piece of dry phosphorus in a spoon, light 
it, and place it in a jar of nitric oxide : it will be extin- 
guished. Now heat it strongly in the gas flame, and 
again place it, whilst burning brightly, in the gas, and 
observe that it continues to burn. 

32. Preparation of carbon dioxide {carbonic acid 




When hydrochloric acid acts on calcium carbonate 
carbon dioxide, calcium chloride, and water are pro- 
duced. Thus : 

CaCOs + 2 HCl = CO, + CaClj, -f- H,0. 

loo + 73 « 44 -f- m 4- i8. 

Place some pieces of marble (calcium carbonate) in 

a flask with funnel and conducting tube, pour some 

water over it, and then a little hydrochloric acid • 
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a rapid effervescence will begin, and the gas will be 
given off copiously. It may be collected over water, 
but as it is much heavier than air it is best collected 
by downward displacement. This is done by placing 
the conducting tube at the bottom of the gas-jars, and 
allowing the heavy gas to collect in them and displace 
the air (Fig. 9). As the gas extinguishes flame, the jars 
are ascertained to be full when a lighted taper placed in 
the mouth is at once extinguished. When this is the 
case, cover the jar and substitute another ; in this way 
collect four jars of the gas. 

33. Properties of carbon dioxide, 

(a) Carbon dioxide does not support combustion. 

Place a lighted taper in the gas : observe that it is at 
once extinguished. 

ifi) Carbon dioxide precipitates lime water. 

Add some clear lime water to a jar of the gas : it is 
at once rendered milky owing to the formation of cal- 
cium carbonate (see 8). Cover the jar closely with 
the palm of the hand and shake the bottle : the hand 
will adhere to the bottle owing to the partial vacuum 
caused by the absorption of the COg by the lime-water. 

(c) Carbon dioxide is heavier than air. 

Pour the carbonic acid from one of the gas-jars into 
a jar of air. The gas is so heavy that it will displace 
the air from the jar, and that this is the case may be 
shoi^Ti by placing a lighted taper in each jar : the one 
originally full of air will now be found filled with car- 
bonic acid, whilst the other will, if held mouth down* 
wards for a few minutes, be found to contain only air ; 
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in the foimer the taper will be extinguished, in the 
latter it will continue to bum. 

34. Preparation of carbon monoxide {carbonic oxide 

This gas is prepared pure by the action of sulphuric 
acid upon foimic acid, which is decomposed into car- 
bon monoxide and water. Thus : 

CHjO, = CO + H,0. 
46 = 28 + i8. 

It is, however, frequently prepared by the action of 
sulphuric acid on oxalic acid ; but in this case a mix- 
ture of equal volumes of carbon dioxide and carbon 
monoxide is obtained. 

Oxalic acid 3rields carbon dioxide, carbon monoxide, 

and water : 

CjHjO^ = CO2 + CO + H2O. 

90 =44 + 28+18. 

Place some crystallized oxalic acid in a small flask 
provided with a conducting tube (see Fig. 2), cover it 
with strong sulphuric acid (oil of vitriol), heat gently 
on a piece of wire gauze, and after allowing the air to 
escape, collect the gas in the ordinary way at the pneu- 
matic trough. Fill one gas-jar, and a bottle with a 
neck narrow enough to allow it to be closed with the 
thumb. Be careful to remove the conducting tube 
from the pneumatic trough as soon as the bottles are 
filled with the gas ; and allow the contents of the flask 
to become quite cold before pouring the liquid away. 

35. Properties of carbon monoxide, 

(a) The gas burns with a blue flame even when 
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mixed with carbon dioxide, as it is when prepared as 
above. Apply a light to the wide-mouthed gas-jar 
containing the mixed gases, and observe the pale blue 
flame with which the monoxide bums. 

ip) Pour a small quantity of caustic soda solution 
into the narrow-necked bottle containing the mixed 
gases, close it tightly with the thumb, and shake up 
vigorously without removing the thumb. This will 
dissolve out the carbonic acid, which is soluble in 
caustic soda, hydrogen sodium carbonate being formed, 
and leave the carbonic oxide. Thus : 

CO, + CO + NaHO = NaHCOg + CO. 
44 + 28 + 40 = 84 + 28. 
Invert the bottle, mouth downwards, in the pneu- 
matic trough, taking care that the neck is quite 
covered with water, and withdraw the thumb : water 
will rush into the bottle and fill the space previously 
occupied by the carbonic acid. Replace the thumb 
on the neck of the bottle, and shake again to dissolve 
the last traces of carbon dioxide, and again place the 
neck of the bottle under water in the trough, and 
observe that the space occupied by water is half the 
total capacity of the bottle. Pour a quantity of the 
gas thus freed from carbonic acid into a test tube, 
add a little lime water, and shake it up : no turbidity 
ought to be produced. Light the gas at the mouth 
of the test tube, observe the pale blue flame of the 
carbonic oxide, and after the gas is burned shake 
up again, and observe that the lime-water is now 
rendered turbid. This is because the monoxide in 
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burning takes up oxygen from the air and produces 
the dioxide (CO,). 

30. Preparation of ckloritu.'' 

When sulphuric acid acts upon a mixture of common 
salt and manganese dioxide, sodium sulphate, manga- 
nese sulphate, water, and chlorine gas are produced. 
Thus : 
2 NaCl + 3 H,S04 + MnOj - NajSO, + MnSO, + 

2 H,0 + C\f 
117 + 196 + 87 - 142 + ISI + 36 + 7'- 

Weigh out 30 grams of common salt and the same 
quantity of manganese dioxide, and mix them together 



in a mortar. Then weigh 60 grams of water, place it 
in an evaporating basin, »nd add to it cautiously 60 

* Expcrimenls with ch' 
wiih a draught, u ihi> 13 
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grams of strong sulphuric acid, stirring the liquid with 
a glass rod until it is thoroughly mixed. The liquid 
will become very hot, and must be allowed to cool 
completely; it is then poured into a flask (about one 
litre capacity), the mixture of salt and manganese 
dioxide is added, and the contents of the flask shaken. 
The flask is now provided with a conducting tube bent 
twice at right angles, heat is applied, and the gas col- 
lected by displacement like carbon dioxide (Fig. 10). 
Collect four jars of the gas, and then allow the gas to 
bubble through some distilled water until no more gas 
is dissolved. This solution, called chlorine water, has 
a yellow colour, bleaches vegetable colouring matters, 
and may be conveniently used instead of the gas in 
many reactions. 

37. Properties of chlorine, 

{a) I. Chlorine unites readily with hydrogen, form- 
ing hydrochloric acid (HCl). 

Place a lighted taper in a jar of chlorine, and observe 
that it now burns with a smoky flame ; this is caused 
by the union of the chlorine with the hydrogen of the 
taper, while the carbon also present in the taper, is 
liberated, and causes the abundant smoke. 

2. Moisten a strip of filter paper with turpentine (com- 
posed, like the taper, of carbon and hydrogen), and 
plunge it into a jar of chlorine : hydrochloric acid is at 
once formed, and the liberated carbon again appears 
as soot. The action is so energetic that the paper gene- 
rally takes fire, owing to the heat evolved during the 
reaction. 
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{b) Chlorine unites readily with finely-divided metals, 
forming metallic chlorides. 

Throw some finely-powdered antimony into a jar of 
chlorine : union will at once take place with evolution 
of light, and chloride of antimony will be formed. 

{c) Phosphorus and chlorine unite together, forming 
phosphorus chloride. 

Place a piece of dry phosphorus in a deflagrating 
spoon, and place it in a jar of chlorine. It will take fire 
spontaneously and continue to burn with a pale non- 
luminous flame, and chloride of phosphorus will be 
formed. 

{d) Moist chlorine bleaches vegetable colouring 
matters by uniting with the hydrogen of the water ; 
the oxygen thus liberated attacks the colouring matter 
and destroys it. 

Place a piece of red cloth, partly moistened and partly 
dry, in a jar of chlorine. The dry part will remain un- 
altered, but the moist portion will be rapidly bleached. 

38. Preparation of hydrochloric acid. 

When sulphuric acid and sodium chloride react on 
each other, hydrogen-sodium sulphate (bisulphate of 
soda) and hydrochloric acid are formed. 

Sulphuric acid and sodium chloride yield hydro- 
chloric acid and hydrogen-sodium sulphate : 
H2SO4 + NaCl = HCl + HNaS04. 
98 -f 58-5 = 36-5 -f 120. 

Place in a flask (about a litre in capacity), provided 
with a funnel and conducting tube, about 30 grams 
of common salt Fit the end of the conducting tube 



HYDROCHLORIC ACID. 



29 



into a small bottle containing a little water, which 
serves to wash the gas, and the tube which passes out 
of this bottle conducts the purified gas into 100 c. c* 
distilled water, as in the figure. When the apparatus 
is arranged, add by degrees about 50 g^rams of strong 
sulphuric acid. The gas will come off at first with- 




FlG. II. 



ont heating ; when all the acid has been added and 
the evolution of gas slackens, heat the fiask gently on 
a piece of wire-gauze or on a sand bath. Observe that 
the water in the wash-bottle has first to be saturated, 
and that then the gas begins to be absorbed by the 
distilled water. When this last fumes strongly, remove 

* c C = contractiou for cubic centimetres 
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the wash-bottle and fill a cylinder with the gas by 
downward displacement. (See Fig. lo.) 

39. Properties of hydrochloric acid, 

{a) Hydrochloric acid is extremely soluble in water. 

Close the cylinder filled with hydrochloric acid gas 
with a glass plate, inveit it, mouth downwards, in a 
vessel of water coloured with blue litmus, and withdraw 
the glass plate. Observe the rapid rise of the water 
inside the cylinder caused by the solution of the gas, 
and the change of colour from blue to red, showing 
the acid nature of the solution. 

{b) Hydrochloric acid is a powerfiil acid. 

Take some of the aqueous solution of the gas (pre- 
pared in 38) and add a drop or two of litmus solution 
to it, so as to colour the solution red. Now add a 
solution of caustic soda, constantly stirring the mix- 
ture, and observe that a point is reached when the red 
colour is changed to a faint blue colour. This point 
denotes that all the acid has been saturated. Evapo- 
rate the solution and obtain crystals of sodium chloride 
(common salt). 

These three substances, viz. the hydrochloric acid, 
the caustic soda, and the sodium chloride, are exam- 
ples of three quite distinct classes of chemical com- 
pounds, called respectively, acids, bases, and salts. 
(For a description of these three kinds of substances 
see Roscoe's " Chemistry," p. 66). 

{c) Ammonia and hydrochloric acid unite to form 
ammonium chloride. 

Hold a glass rod dipped in ammonia solution over 
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the HCl solution, and observe the white fumes of 
NH4CI produced. (See also as.) 

40. Preparation of calcium hypochlorite (^or bleaching 
powder). 

Chlorine gas is rapidly absorbed by slaked lime, and 
calcium hypochlorite is formed. 

Lime and chlorine )rield water and bleaching powder 
(chloride and hypochlorite of calcium) : 

2 Ca(H0)2 + 4 CI = 2 H2O + (CaClj + Ca(OCl)j). 
148 + 142 = 36 + III + 143. 

Place a small quantity of slaked lime in a beaker, fill 
up with water so as to have a milky liquid containing 
lime in suspension, and then allow chlorine to bubble 
through until the solution smells strongly of it : calcium 
hypochlorite will be found in solution. Place a piece of 
red cloth in some of this solution, and subsequently in 
a little dilute HCl : chlorine will be liberated by the 
action of the acid, and the cloth will be bleached. 

4.1. Preparation of hypochlorous acid. 

When diluted nitric acid is added to calcium hypo- 
chlorite, hypochlorous acid and calcium nitrate are 
formed. Thus : 

Ca(OCl)j + 2 HNO3 = 2 HCIO + Ca(N03),. 
143 +126 = 105 -f 164. 

Place a solution of the bleaching liquor, as prepared 
above, in a stoppered retort, the neck of which passes 
into a small flask kept cool by a stream of water. 
Add a few drops of dilute nitric acid to the con- 
tents of the retort, and boil the liquid : the distillate 
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contains a colourless solution of hypochlorous acid, 
which will rapidly bleach a piece of r6d cloth placed in 
it. Observe also the peculiar smell of hypdchlorous 
acid, and remember that a solution of chlorine in water 
(which likewise bleaches) has a yellow colour. 

42. Preparation of iodine. 

When sulphuric acid acts upon a mixture of potas- 
sium iodide and manganese dioxide ; iodine, potassium 
sulphate, manganese sulphate, and water are produced. 
Thus : 

2KI+Mn02+2H2S04=l2+K2S04+MnS04+2H20 
332-2+ 87 + 196 =254+174-2+ 151 + 36. 

Place in a retort (provided with a receiver kept cold 
by a stream of water) a few grams of potassium iodide 
and a little manganese dioxide, add dilute sulphuric 
acid, and heat gently. Observe the violet vapours 
filling the retort as soon as the iodine is given off, and 
the grey deposit of iodine on the neck of the retort and 
in the receiver. If a large quantity forms in the retort 
neck, heat it gently, so as to obtain as much as possible 
in the receiver. 

43. Properties 0/ iodine. 

{a) Iodine is very sparingly soluble in water, more 
so in alcohol, and very soluble in a solution of any 
alkaline iodide. 

Separate the iodine obtained above, from any liquid 
which has distilled over, and divide it into three small 
portions and one large portion. Add to one of the 
small portions some water, to another some alcohol, 
and to the third a solution of potassium iodide, and 
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observe the colours varying from pale to dark brown, 
which the solutions possess. 

{p) Free iodine forms with starch a compound 
called iodide of starch, which has a dark blue colour. 

Powder a piece of starch (about the size of a pea) in 
a mortar, stir it up with about 25 c. c. of cold water, 
and then heat the mixture (preferably in an evaporating 
basin) till it boils. A thin, clear solution of starch is thus 
obtained ; add a portion of it to about a quarter of a 
litre of water, and then a few drops of one of the Solu- 
tions of iodine, and observe the deep blue colour which 
the liquid assumes. Heat a little of this blue liquid in 
a test tube, and observe that the colour disappears ; 
allow it to cool, and observe the reappearance of the 
colour. 

44. Preparation of sodium iodide. 

Iodine is dissolved by a solution of caustic soda, and 
sodium iodide (Nal) and iodate (NalOg) are produced. 
61+6 NaHO = 5 Nal + NalOg + 3 HjO. 
762 + 240 = 750 + 198 + 54. 

Place the larger portion of iodine prepared as above 
in an evaporating basin, add water and caustic soda 
drop by drop until the solution becomes nearly colour- 
less, and evaporate carefully to dryness, and ignite 
to convert the sodium iodate into iodide. (NalOg » 
Nal •)- O3). A white salt is obtained, which is sodium 
iodide. 

(rt) Dissolve it in water and add to it about \ litre 
of water, then add a little of the starch solution, and 
observe that no blue colour is produced as in the case 

D 
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oi/ree iodine. Now add a drop of chlorine water : this 
will liberate the iodine and the blue colour will be pro- 
duced ; add more chlorine water, and the colour will 
disappear, owing to the formation of a chloride ot 
iodine which does not colour starch blue. 

{b) Add a few drops of the sodium iodide solution 
to some distilled water, then solution of silver nitrate, 
and observe the pale yellow precipitate of insoluble 
silver iodide which is produced. Sodium iodide and 
silver nitrate yield sodium nitrate and silver iodide : 
Nal + AgNOg = NaNOg + Agl. 
150 + 170 = 85 + 235. 

45. Preparation of bromine. 

When sulphuric acid acts upon a mixture of potas- 
sium bromide and manganese dioxide, potassium sul- 
phate, manganese sulphate, bromine, and water are 
produced. Thus : 
2 KBr -f MnOa + 2 H,S04 ^ K2SO4 -f MnSO* + 

Br2-f2HaO. 

238-2 + 87 -f 196 = 174-2 -f 151 -f 

160+36. 

Proceed exactly as in the preparation of iodine (4-2), 
but substitute potassium bromide for potassium iodide, 
and keep the receiver very cold. A dark-coloured 
heavy liquid will be obtained in the receiver : this is 
bromine. Observe that it is heavier than the water, 
which always distils over with it, and that it possesses 
a powerful irritating smelL Observe also that it dis- 
solves in water, forming a red-coloured solution, which 
possesses bleaching properties. 
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46. Preparation of sodium bromide. 

Bromine is dissolved by a solution of caustic soda 
and sodium bromide (NaBr), sodium bromate (NaBrOg) 
and water are produced. Thus : 

6Br + 6 NaHO = 5 NaBr + NaBrOg + 3 H,0. 

480 + 240 = 51S + 151 + 54. 

Proceed as in the preparation of sodium iodide (4-4), 
substituting bromine for iodine. Dissolve the salt 
obtained in water, and observe that the solution is 
colourless ; add chlorine water and observe the yellow 
colour produced by the liberation of bromine. 

4.7. Preparation and properties of hydrofluoric acid. 

When sulphuric acid acts upon calcium fluoride 

(fluor-spar), calcium sulphate and hydrofluoric acid are 

produced. Thus : 

CaFg + H2SO4 = CaS04 + 2 HF. 

78+98 = 136 + 40. 

This gas cannot be collected in glass vessels as it 

combines with the silica of glass, forming silicon tetra- 

fluoride, SiF^. This property may be observed by 

covering a glass plate with a thin coating of bees wax, 

scratching away the wax at certain points, and then 

exposing the plate to the action of the gas. Place 

some powdered fluor-spar in a small lead or platinum 

dish, pour over it some strong sulphuric acid, and heat 

gently. Observe the fUmes of hydrofluoric acid which 

come off", r.nd then place the waxed glass plate across 

the dish so as to be exposed to the gas, taking care 

that the heat applied is not sufficient to melt the wax. 

Remove the plate after a few minutes, warm it to 

D 2 
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soften the wax, which may then be rubbed off, and 
observe that where the wax was scratched the glass is 
etched, while the part protected by wax has not been 
attacked. 

Avoid breathing the fumes, as the gas is very irri- 
tating to the lungs, and acts powerfully on the skin, 
producing painful wounds. 

4>a Preparation of sulphur dioxide. 

When sulphuric acid acts upon copper, copper 
sulpeate, sulphur dioxide, and water are produced. 
Thus: 

Cu + 2 H2SO4 = CUSO4 + SO2 + 2 H2O. 

63"5 + 196 = 159*5 + 64 + 36. 
Place some copper turnings in a flask of about half 
a litre in capacity, provided with a funnel and con- 
ducting tube bent twice at right angles. Pour enough 
strong sulphuric acid down the funnel tube to cover 
the copper, and apply heat, collecting the gas, which is 
heavier than air, by downward displacement (see Fig. 
10). Fill two jars with the gas, and then allow it to 
pass, first into a test tube containing nitric acid, and 
then into one containing a solution of potassium chro- 
mate. Observe in the first case the brown vapours 
of oxides of nitrogen which are given off, and in the 
second the change of colour from yellow to green. In 
both cases the sulphur dioxide has acted as a reducing 
agent, reducing the nitric acid to a lower stage of oxi- 
dation, and the potassium chromate to a chromium 
salt of a green colour ; while in each case the sulphur 
dioxide is oxidized to sulphuric acid, as may be seen 
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by adding barium chloride, which will precipitate white 
barium sulphate, insoluble in hydrochloric acid. 

49. Properties of sulphur dioxide, 

{a) Sulphur dioxide does not support combustion, 
and reddens litmus solution. 

Place a lighted taper in a jar of the gas and observe 
that it is at once extinguished. Then add a solu- 
tion of litmus, and observe the bright red colour 
produced. 

{p) Sulphur dioxide is extremely soluble in water. 

Invert a jar of the gas in the pneumatic trough, and 
observe the rapid rise of water inside the jar, produced 
by the absorption of the gas. 

50. Preparation of sulphuretted hydrogen. 

When sulphuric acid acts upon ferrous sulphide, 
ferrous sulphate and sulphuretted hydrogen are pro- 
duced. Thus : 

FeS + H2SO4 = FeSOi + HgS. 
88+98 = 152 + 34. 

Place a few pieces of ferrous sulphide in a small 
flask provided with a funnel and conducting tube, the 
latter of which passes air-tight into a small flask con- 
taining water (to collect any impurities which may 
pass over), and having a second tube fitted into it 
and bent so as to pass into a flask containing water 
(see figure). Now cover the ferrous sulphide with a 
layer of water, and add a few drops of strong sul- 
phuric acid : observe the effervescence which soon 
begins, and the disagreeable and characteristic smell 
which the water in the flask soon possesses from 
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the solution of the gas in it. When the water smells 
strongly, remove the flask ; then decant off the acid 
from the ferrous sulphide, wash it two or three times 
with water, retaining it in the flask so that it may be 
used again by simply adding fresh acid. 




Fig. 12. 



5 1 . Properties of sulphuretted hydrogen. 

Sulphuretted hydrogen precipitates the solutions of 
salts of certain metals in an acid solution, others in an 
alkaline solution, and does not, under any circum- 
stances, precipitate the remainder ; thus, solutions of 
copper salts are precipitated in an acid solution, solu- 
tions of iron salts in an alkaline one, and solutions of 
sodium salts are not precipitated at all. Thus : 

Copper sulphate and sulphuretted hydrogen yield 
copper sulphide and sulphuric acid : 

CUSO4 + HgS - CuS + H2SO4. 
1 59*5 + 34 = 95*5 + 98. 
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Iron sulphate and potash and sulphuretted hydrogen 
yield iron sulphide, potassium sulphate, and water. 
FeS04 + 2 KHO + HgS « FeS 4- K^SOi + 2 HgO. 

152 + 112-2 + 34 = 88 + 174-2 4- 36. 

Place in a test glass a solution of copper sulphate, in 
another a solution of iron sulphate, and in a third a 
solution of sodium chloride ; to each add a few drops 
of hydrochloric acid, and then a little sulphuretted 
hydrogen water. Observe the black precipitate of 
copper sulphide in the first glass, and no precipitate in 
the other two glasses. To each of these add a littje 
potash solution, and observe the black precipitate ot 
ferrous sulphide in the one case, and the absence of a 
precipitate in the other. 

52. Preparation of sodium hydrate {caustic soda). 

When caustic lime is added to a solution of sodium 
bicarbonate, caustic soda and calcium carbonate are 
produced. Thus : 

.CaO + NaHCOg = NaHO + CaCOg. 
56 + 84 = 40 + 100. 

Dissolve about 40 grams of sodium bicarbonate in 
about half a litre of hot water. Then weigh out 30 grams 
of quick lime, slake it with water, and when it is tho- 
roughly slaked, stir it up with more water so as to 
obtain a milky fluid having lime in suspension. Add 
this to the hot solution of sodium bicarbonate, and boil 
for a few minutes. Withdraw the lamp, allow the 
precipitate to subside, and observe if a small por- 
tion of the clear liquid effervesce when hydrochloric 
acid is added to it If so, there is still some sodium 
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bicarbonate unconverted into caustic soda, and more 
lime must, therefore, be added. If, on the other hand, 
no effervescence occurs, the decomposition is complete, 
and the clear liquid is then evaporated in a clean iron 
or silver dish to dryness. The resulting white sub- 
stance is sodium hydrate (NaHO) or caustic soda. 

53. Properties of sodium hydrate. 

Sodium hydrate is a powerful alkali, and turns red 
litmus solution blue. When hydrochloric acid is added 
to it, it is neutralized, and sodium chloride (common 
salt) formed. (See 39.) 

Sodium hydrate and liydrochloric acid yield sodium 
chloride and water : 

NaHO + HCl = NaCl + H2O. 
40 + 36-5 = 58-5 + 18. 

Dissolve some of the caustic soda obtained in 5S, in 
water, and add to it a solution of reddened litmus, and 
observe the change in colour from red to blue. Dis- 
solve a second portion in water, and add to it hydro- 
chloric acid by degrees, until a drop of the liquid taken 
out on a glass rod ceases to colour litmus paper blue. 
On evaporating the liquid thus obtained to a small 
bulk, sodium chloride will separate out. 
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PART II. 

BLOW-PIPE ANALYSIS.-PRELIMINARY 

EXAMINATION. 

54. Blow-pipe reactions. 

How to use the blow-pipe.* 

Close the holes at the foot of the Bunsen lamp (Fig. 
13) so as to exclude air, and thus obtain a luminous 
flame. Now place the nozzle of the blow-pipe in the 
centre of the flame, and blow gently through the tube ; 
observe that the flame produced is blue and corre- 
sponds to the non-luminous flame of the Bunsen lamp. 
This is the oxidizing or outer flame of the blow-pipe. 

Now hold the nozzle of the blow-pipe just outside 
the luminous gas flame, and blow gently: observe that 
the flame is partly yellow. This is the reducing or 
inner flame of the blow-pipe (Fig. 14). 

The oxidizing flame is used when a substance has to 
be oxidized, the reducing flame when a body has to be 
reduced, e,g, from a salt to the metallic state. 

* The student should be shown, once for all, the different uses of the 
blpw-pipe, and then be allowed to practise on several different sub 
stances. 
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EXAMPLES. 

I. Reduction. — Mix together in a mortar equal small 
quantities of dry sodium bicarbonate and silver nitrate. 
Place a portion in a little hollow scooped out of a 





t IG. 13. 



Fig. 14. 



sound piece of charcoal, and heat in the reducing 
flame of the blow-pipe. Observe the bright metallic 
bead of silver obtained, dissolve it in nitric acid, and 
precipitate it as chloride with a few drops of HCL 

2. Oxidation. — {a) Make a small loop on the end ot 
a piece of platinum wire, heat it, and dip it while hot 
in some sodium bicarbonate, so as to cause a small 
quantity to adhere to the wire ; now heat it with the 
blow-pipe flame until it is fused.* Then place on it a 
minute quantity of any manganese compound, and 
heat again in the oxidizing flame of the blow- pipe ; by 

* In a similar way, beads are also made with borax or microcosmic 
salt, instead of soditmi bicarbonate. 
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this means sodium manganate is formed, which colours 
the bead bright green. 

(fi) Heat a small portion of metallic lead on a piece 
of charcoal in the oxidizing blow-pipe flame. Observe 
the yellow incrustation on the charcoal produced by 
the oxidation of the lead to litharge (PbO). 

55. Blow-pipe reactions for the commonly occurring 
metals.* 

{a) Compounds reduced to metal when heated with 
NaHCOs on charcoal in reducing flame : 

Silver. I^ead. Bismuth. Antimony. 

Malleable beads. IBrittle Deads. 

(^) Compounds reduced to metal when heated with 
a mixture of KCN and NaHCOg in reducing flame : 

Tin. Copper. 

White. Red. 

{c) Compounds reduced to metal when heated on 

charcoal with reducing agents, but which at once 

volatilize : 

Merenrj. Arsenic. 

{d) Compounds reduced to magnetic metallic pow- 
ders when heated on charcoal with reducing agents : 
Iron. Nickel. Cobalt. 

{e) Compounds reduced to metal when heated on 
charcoal with reducing agents, but which are at once 
converted into oxides : 

Cadmium. Zinc 

Oxide is brown. Oxide is white. 

• These reactions must be carried out in the order indicated if they 
are applied to the examination of an unknown compound, since a metallic 
salt wnidi is reduced by NaHCOa alone, is reduced a fortiori by a 
mixture of KCN and NaHCOs- 
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(/} Compounds which, after being heated on char- 
coal, then moistened with CoCl], and heated again, 
yield characteristic colours : 

2Unc. Aluminium. Masnesimn. 

Green. Blue. Pink. 

(^) Compounds which when fused in a borax bead 
impart to it a characteristic colour : 

Iron. Cobalt. NiekeL Manganese. Chromiiun. Copper. 

Yellow. Blue. Reddish Amethyst. Green. Blue. 

yellow. 

(A) Compounds which impart a characteristic colour 
to any non-luminous flame : 

Barlnm. Strontium. Calclnm. Potasslnm. Sodium. 

Green. Crimson. Red. Violet Yellow. 

56. Having found out approximately by these reac- 
tions what the substance is, proceed to apply the 

following 

Conflrmatorj Tests. 

(/I*) Silver bead soluble in HNOg. Solution yields 
with HCl white curdy precipitate of AgCL 

Lead bead soluble in HNO3. Solution yields with 
H2SO4 heavy white precipitate of PbS04. 

Bismuth bead soluble in HNO3. Solution evapo- 
rated with HCl yields with H2S black precipitate of 
Bi2S3. 

Antimony bead soluble in HNO5. Solution evapo- 
rated with HCl yields with HgS orange precipitate of 
o 0203* 

{b) Tin bead soluble in HNO3. Solution on evapo- 
ration yields white precipitate of SnOg. 

* The letters correspond with those in the preceding paragraphs. 
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Copper bead soluble in HNO3. Solution, on addition 
of (NH4)H0 in excess, yields deep blue solution. 

(c) Mercury compounds, when heated in a small bulb- 
tube with NaHCOg, yield the metal in minute globules. 

Arsenic compounds, when heated in a small bulb- 
tube with KCN + NaHCOs yield the metal as a 
shining mirror. 

{d) Iron powder soluble in HNO3 + HCl yields 
yellow solution which gives a deep blue coloration 
with K4Fe(CN)6. 

Cobalt powder soluble in HNO3 yields red solution, 
which gives a blue bead when fused with borax. 

Nickel powder soluble in HNO3 yields green solu- 
tion, which gives a reddish yellow bead when fused 
with borax. 

{e) Cadmium oxide distinguished by its brown colour 
on the charcoal. 

Zinc oxide distinguished by its yellow colour while 
hot, turning white when cold. (See also under/) 

(/) Zinc compounds, a green residue 
on charcoal when moistened with C0CI2 
and re-heated. (See also under e.) 

Aluminium compounds, a blue residue 
on charcoal when moistened with CoClgj ^ ^^^^j 
and re-heated. ^ 

Ms^nesium compounds, a pink residue 
on charcoal when moistened with CoClj 
and re-heated. 

{g) Iron borax bead, reddish yellow when hot, pale 
yellow on cooling in oxidizing flame. 
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Iron borax bead, light green in reducing flame. 

Cobalt borax bead, deep blue in either oxidizing or 
reducing flame. 

Nickel borax bead, reddish yellow when hot, paler 
on cooling, and finally nearly colourless in oxidizing 
flame. 

Nickel borax bead, grey when heated in the reducing 
flame. 

Manganese borax bead, amethyst-coloured in re- 
ducing flame, colour disappears in oxidizing flame. 

Chromium borax bead, green in either oxidizing or 
reducing flame. 

Copper borax bead, blue or greenish-blue in the 
oxidizing flame, becomes colourless in the reducing 
flame. (See also under b,) 

ih) Barium salts colour the non-lumi-\ 
nous gas ^2lVr& pale green. 

Strontium salts colour the non-luminous 
gas flame bright crimson. 

Calcium salts colour the non-luminous 
gas flame dull red. 

Potassium salts colour the non-luminous 
gas flame violet. 

Sodium salts colour the non-luminous 
gas ^2Xi\^ yellow. 

bunsen's flame reactions. 

57. — The flame of an ordinary Bunsen lamp serves 
for nearly all the reactions which can be performed by 
the mouth blow-pipe. It Js most convenient to Ube a 



Best seen 

after 

^moistening 

the salt 

with HCL 
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lamp in which the admission of air can be regulated, 
and in which the flame is kept steady by a conical 
chimney supported from the tube of the lamp (see 
Fig. 15X Adjust the brass cap covering the holes dd. 




¥lG. 15. 

Fig. 13, so as to obtain a small luminous point at ?/, 
Fig. 1 5, and then notice the following zones of flame, 
and the purposes to which they are best suited. 

a. Temperature low. Suitable for observing flame 
colorations of volatile substances. 

/S. Highest temperature. Suitable for fusions at 
high temperatures. 
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y. The lower oxidizing flame. Suitable for oxida- 
tion of substances in borax or other beads. 

h. The lower reducing flame. Suitable for reduc- 
tions on charcoal, and in fused borax or other 
beads. 

€. The upper oxidizing flame (obtained by admitting 
the maximum of air). Suitable for oxidation at lower 
temperatures than are found at /S and y. 

17. The upper reducing flame. Suitable for reduc- 
tions ; possesses greater reducing power than b 

Metallic films, — ^The more volatile metals, such as 
arsenic, mercury, and zinc, are reduced from their 
compounds when these are heated on an asbestos 
thread in the upper reducing flame (»;). If a small 
porcelain basin, filled with cold water, be held just 
above the substance to be examined, the volatilized 
metal condenses on the cold basin as a metallic film. 

Example, — Place a minute quantity of any arsenic 
compound on a thread of asbestos. Hold this in one 
hand, and in the other a small porcelain basin filled 
with cold water. Now place the basin just above the 
upper reducing flame, and then the asbestos thread im- 
mediately below. In a few seconds the reduction will 
be complete ; remove the basin and observe the 
brown film of metallic arsenic. Moisten the film 
with cold dilute nitric acid, and observe that it is 
scarcely soluble ; moisten now with solution of sodium 
hypochlorite, and observe its instant solubility. 

Metallic beads, — The less volatile metals may be 
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obtained as beads, when their compounds are heated 
with sodium carbonate on a small charcoal rod held 
in the lower reducing flame (d). 

Example. — Hold a crystal of sodium carbonate in 
the lamp flame for a few seconds till it begins to fuse ; 
then rub the fused salt thus obtained over a common 
wooden lucifer match, and bum this until it is converted 
into a rod of charcoal. Then allow a single drop of the 
fused sodium carbonate to fall on the palm of the hand, 
mix this intimately by means of a pen-knife with a 
small quantity of silver nitrate, and then place a very 
small portion of the mixture on the point of the rod of 
charcoal. Allow the mixture to melt in the lower 
oxidizing flame (7), and then push the charcoal splinter 
into the lower reducing flame (d). When the reduc- 
tion is completed, remove the splinter and examine 
the point with a lens. Minute beads of fused silver 
will be seen, which may be further examined by break- 
ing off" the end of the splinter, and crushing it, along 
with a few drops of water in a small agate mortal*. 
Pour off the water (which will carry the charcoal with 
it), and examine the metal thus obtained in the same 
way as the bead obtained by the mouth blow-pipe 
(56, ^?). 

58. Compounds of the following metals form 
metallic films : — ANTIMONY, Arsenic, Bismuth, 
Mercury, Thallium, Cadmium, Zinc, Indium, 
and Lead. They may be further distinguished by 
the following tests : — 

E 
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Antimony. Black film, thin part brownj ^^^X \.^ 
Arsenic „ „ „ / ^\^x,q HNO3. 

Bismuth. Black fiUn, thin part brownj Wi|h diffi- 
Mercury. Grey non-coherent thin fihnj fnc%ddUute 
Thallium. Black film, thin part brownj HNO3. 

Cadmium. Black film, thin part brownj , 

y. I Instantly so- 

,?: " " " ) luble in cold 

Indium. „ „ „ ^jj^^^ jjj^Q^ 

Lead. „ „ ,» ' 

Compounds of the following metals give no film, 
but are reduced to metal on charcoal splinter :— 
Copper, Tin, Silver, Gold, Platinum, Iron, 
Nickel, and Cobalt. They may be further distin- 
guished as follows : — 

Copper. Red bead, soluble in HNO3 



Tin. Whitehead „ „ 



Fusible to 
/ metallic 

^"^®^- " " " I beads. 

Gold. Yellow bead, insoluble „ 

Platinum. Non-magnetic powder J Not fiisible to 

Iron. Magnetic powder ( beads, but ob- 

NickeL »> ' » ( tained as me- 

Cobalt „ „ I talUc powders. 



59. Additional tests for the compounds of the 
following metals : — 

Antimony, — On asbestos thread in upper reducing 
fiame, pale green coloration, unaccompanied by smelL 
Reduced on charcoal splinter, yields white brittle 
metallic beads. 
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Arsenic, — On asbestos thread in upper reducing 
flame, pale blue coloration, and characteristic smell 
(garlic). Reduced on charcoal splinter^ yields no 
metallic bead. 

Bismuth* — Reduced on charcoal splinter, yields 
shining yellowish brittle splinters of metal. Dissolve 
in HNO3, add SnClj, and NaHO^ yields black preci- 
pitate of Big Oj. 

Mercury, — Mixed with dry sodium carbonate and 
potassium nitrate, in a small thin test-tube (5 millimetres 
wide and 15 millimetres long), and held in the flame 
(by a platinum wire coiled round it) just below a small 
porcelain basin flUed with water, yields grey film, 
which, on rubbing with a piece of filter paper, is col- 
lected into small globules. If the quantity of mercury 
be large, globules form at once. 

Thallium, — Flame coloration bright green. Re- 
duced on charcoal splinter, yields white ductile bead, 
which quickly oxidizes, and is acted on by HCl with 
difficulty. 

Cadmium, — Reduced on charcoal splinter imper- 
fectly to a white ductile bead. 

Zinc, — On asbestos thread in upper oxidizing flame, 
yields white film of ZnO on the porcelain basin. 
Moisten a square centimetre of filter paper with 
HNO3, and rub it over the surface of the basin so 
. as to dissolve the oxide film ; roll this up and place 
it in a coil of thin platinum wire. Now bum the paper 
in the upper oxidizing flame at as low a temperature 
as possible, and observe that the colour of the ash is 

£ 2 
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yellow, while hot, and white on cooling. Moisten his 
ash with a drop of a very dilute solution of cobalt, heat 
in the lamp flame, and observe the green colour pro- 
duced. 

Indium. — Flame coloration, intense indigo colour. 
Reduced on charcoal splinter with difficulty to silver- 
white ductile globules, slowly soluble in HCL 

£^ad, — Reduced on charcoal splinter, yields soft 
ductile metallic beads, soluble in HNOs. Add H2SO4, 
yields white precipitate of PbS04. 

Copper, — Reduced on charcoal splinter, yields ductile 
metallic beads of a red colour. Dissolve in HNO3 
and add K^Fe (CN)g, yields chocolate coloured preci- 
pitate of Cuj Fe (CN)g. 

Fuse a small quantity of borax on a straight piece 
of platinum wire (of the thickness of a horsehair), and, 
having obtained a clear bead, add a trace of any 
copper compound, and observe the blue bead obtained, 
which does not alter in the lower reducing flame. Add 
a trace of tin or any tin salt, and heat in the lower 
reducing flame ; observe the change of colour to red, 
owing to the formation of CugO. 

Tin. — Obtain a borax bead coloured faintly blue by 
copper, and add the tin compound ; proceed just as 
described under copper. The change of colour from 
blue to red indicates presence of tin. 

Silver, — Reduced on charcoal splinter, yields white 
ductile beads. Dissolve in HNO3 and add HCl, 
yields white curdy precipitate of Ag CL 

Gold, — Reduced on charcoal splinter, yields yellow 
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very malleable beads. Dissolve in aqua regia, absorb 
the yellow solution on filter paper, and moisten with 
SnClj, yields purple of Cassius. 

Platinum, — Reduced on charcoal splinter yields a 
grey spongy mass, which becomes lustrous when rubbed 
in the mortar. Observe insolubility in HCl and in 
HNO3, and solubility in aqua regia^ forming a light 
yellow solution. 

Iron. — Reduced on charcoal splinter, yields no bead, 
but minute metallic particles. Crush the end of the 
splinter in an agate mortar with a little water, and 
stir gently with a magnetized knife-blade. The finely 
divided metal will adhere to the knife. Rub this 
off on filter-paper, dissolve in aqua regia and add 
K4Fe(CN)8 : observe the blue coloration from forma- 
tion of Prussian blue. 

Borax bead: In the oxidizing flame when hot, 

yellow to brownish red. 
„ „ In the oxidizing flame when cold, 

yellow to brownish yellow. 
„ „ In the reducing flame, bottle 
green. 

Nickel, — Reduced on charcoal splinter, yields white 
lustrous ductile particles, which form a brush on the 
point of the magnetized knife-blade. Rub these on 
paper and dissolve in HNO3, and observe the green 
colour produced. 

Borax bead : In the oxidizing flame, greyish brown 
or dirty violet 

Upper reducing flame, grey from reduced nickel, 
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which often collects to a spongy mass, leaving the 
bead colourless. 

Cobalt. — Reduced on charcoal splinter, yields white 
lustrous ductile particles, which adhere to the mag- 
netized knife-blade. Rub these on paper and moisten 
with HNO3 : observe the red colour, which changes to 
green on addition of HQ and drying; moisten with 
water, and observe the disappearance of the colour. 

Borax bead : In the oxidizing flame^ bright blue, 
unaltered in the lower reducing flame. 

60. The following metals are most easily re- 
cognized as compounds : — CHROMIUM, Manganese, 
Uranium. 

Chromium, — Heated on platinum foil with NajCOj 
and with repeated additions of KNOj, yields a yellow 
mass soluble in water to a yellow solution. 

Manganese, — Borax bead amethyst-coloured in the 
oxidizing flame, colourless bead in the reducing flame. 
Heated with NajCOa ^^nd KNO3, yields a green bead, 
soluble in water to a green solution, which turns red 
on addition of acetic acid. 

l/ram'um,— Borax bead yellow, in the oxidizing flame, 
which becomes green in the reducing flame, especially 
on addition of SnClj. 

The following tests for phosphorus and sulphur 
compounds are exceedingly delicate : — 

Phosphorus, — Ignite the sample, and then powder 
finely and place in a small test tube about the thick- 
ness of a straw, along with a piece of magnesium wire 
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about five millimetres long, which should be covered 
by the powder. Now heat, and observe the incan- 
descence caused by the formation of magnesium phos- 
phide. Moisten the residue, and observe the highly 
characteristic smell of phosphuretted hydrogen. 

Sulphur. — Reduced on charcoal splinter with 
Na^COg, yields Na^S. Break off the charcoal point, 
place it on a silver coin, and moisten with a drop of 
water. The silver is at once blackened, owing to the 
formation of silver sulphide. 



61.— PRELIMINARY EXAMINATION OF 

SINGLE SALTS. 

Before proceeding to the- systematic analysis of 
single salts or mixtures, it is always advantageous to 
subject substances to a preliminary examination^ in 
order to ascertain the probable nature of the substance 
The tables A and B, which follow, are adapted for the 
detection of single salts, either soluble or insoluble. 
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TABLE A. 

PRELIMINARY EXAMINATION OF SINGLE SALTS CONTAIN- 
ING ONE ACID AND ONE BASE. 

« Examination for Acid.* » 

Heat the substance in a dry tube, and observe whether— 
(o) Water i« given off. Test its reaction with litmus paper. 

Acid reaction indicates Sulphites, Chlorides, Are. 

Alkaline reaction indicates Ammoniiun Salts. 

{b) A sublimate forms. 

Yellow (or in red globules) indicates Sulphur. 

iAnunoni-oin Salts, Mer- 
cury, Arsenic, Anti- 
mony. 
Metallic mirror „ Mercury, Arsenic. 

(#) A gas b evolved. 

Oxgen indicates Chlorates, Nitrates, Peroxides. 

Carbon monoxide ,, Oxalates. 
Nitrogen tetroxide „ Nitrates. 
Ammonia ,• Anunonium Salts. 

Carbon dioxide ,, Carbonates. 

{d) The substance darkens in colour. This indicates the presence of 
Organic matter. 

Take a fresh portion of the substance, add HCl, and obseive whether — 

(*) A gas is evolved with effervescence. 

SmelUng like burning sulphur indicates {^£p"ftes°' ^^^^' 
„ „ rotten eggs „ Sulphides. 

,, „ bitter almonds „ Cyanides. 

Peroxides, Chro- 



ff 



i Peroxides, Chro- 
mates. or Hypo- 
chlorites. 



Rendering lime-water turbid „ Carbonates. 

C/) Try if the substance is soluble in water ; if so, add Ba CU solution to 
a portion of the solution, and observe if a precipitate form. 

White and insoluble in HCl indicates Sulphates. 

* Certain substances, not acids {e.£^. mercury, sulphur, ammonia), are 
for convenience included here. 
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White and soluble in HCI indicates Phosphates^ Silicates, 

Oxalates. Borates, and Fluorides. Also Carbonates 
and Sulphites (see e). 

Yellow indicates Chromates (see e). 

If Ba CI, has ^iven no precipitate, add Ag NO3 to another portion of the 
solution, and observe if a precipitate form. 

White indicates Chlorides. Also Cyanides (see e). 

Yellowish-white, Bromides and Iodides. 

Black indicates Sulphides (see e). 

(/) If neither water nor HCI has disv>lved the substance, try nitric acid; 
and if this does not dissolve it, try a^ita regia; and if that does not 
dissolve it, examine it according to the methods described in the 
following table (B). 

Note. — If the substance is dissolved in H NO3 or aqua regia, it must bo 
evaporated to dryness with HCI before proceeding to the examination 
for base (/8). 

fi. Examination for Base. 

A solution having been obtained, observe — 

(A) If H CI produce a precipitate, it indicates — 
Silver, Iiead, or Mercurous Salts. 

(0 If H CI + H3 S produce a precipitate, it indicates — 

Mercuric Salts. laead, Bismuth^ or Copper (black). 
' Arsenic, Stannic Salts, or Cadmium (yellow). 
Antimony (orange). 
Stannous Salts (brown). 

O) If (NH4) HO + NH4 CI + (NH4) aS produce a precipitate, it indi- 
cates — 

Iron, Nickel, or Cobalt (black). 
Zinc or Aluminium (white). 
Manfranese (flesh-coloured). 
Chromium (green). 

{k) If (NH4) HO + NH4CI + (NH4)2 CO3 produce a precipitate, it 
indicates — 

i Barium (tinges flame green). 
Strontium ( „ „ crimsonj. 
Calcium ( ,, „ dull red). 

(/) If not precipitated by the above reagents, it indicates — 
rMaenesium, precipitated by Na^ HPO4 (white). 
I Potassiuni (tinges flame violet). 
iSodiunx ( „ ,. yellow). 
VAmmoniuni Salts (heated with NaHO gives smell of NH3). 
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TABLE B. 

EXAMINATION OF INSOLUBLE SUBSTANCES. 

The following substances mxe, under certain circumstances, insoluble in 
acids, and must be examined specially: — Silica^ BilicateB^ Alu- 
minia, Alnmlfiateg, Oxides of Antimony^ Chromivm, 
and Tin, Chrome Iron Ore, Bxaphates of Barixun, 
Strontliun, and Lead, certain Fluorides {e.f-. of Caldum), 
certain Snlphidea {e.^. of Lead), the Chloride, Bromide, 
and Iodide of SUrer, Carbon, and Sulphur. 

Heat the substance in a dry tube, and observe whether— 

(a) It fuses and volatilizes completely. Sulphur (smells of SO3). 

\S) It fuses, but does not volatilize. Chloride, Bromide, or 
Iodide of SilTCr. (Yields metallic silver on fusing on 
charcoal with Nag CO3). 

{c) It is infusible, but disappears on heating. Carbon (Deflagrates 
when heated with K NO3X 

(fi) It is infusible, but darkened in colour while hot, regaining its colour 
on cooling. Tin Dioxide and Antimony Pentonide. 
(Confirm by blow-pipe test — tin bead is malleable ; antimony bead 
brittle.) 

Observe whether— 

{e) It yields a green bead with borax or microcosmic salt. Chromium 
Oxide or Chrome Iron Ore. 

(/) It swims undissolved in a bead of microcosmic salt Silica and 
Silicates. (Fuse with four times its weight of a mixture of 
KgCOs and NagCOa. Allow to cool, diraolve in water, add 
li CU and evaporate to dryness. Silica will separate out as a 
gelatinous mass.) 

(jg) It yields a colourless J>ead, with microcosmic salt. Altimlnai 
{Heated on charcoal and moistened with Co (NO^and re- heated. 
It yields a blue infusible mass.) 

(A) It is white and infusible, but quite unaltered by heating. 

liCad Snlnhate yields when heated with NaaCOalslslov-f9s 
reducing flam^ malleable metallic bead. (Soe Mho l) 
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Barium Bulphatei fused with NaaCOs and H Q added, yields 
Ba Q9 (flame coloration, green), precipitated by Sr SO4 solution. 

Btrontliim Bvlphatei fused with Naa CO3 and HO added, 
yields Sr CI3 (flame coloration, crimson), precipitated by Ca SO4 
solution. 

Caleiiun Fluoride, heated with H9SO4, yields H F, which 
etches glass. 

(/) It is black and infusible, and yields a malleable metallic bead when 
fused with Na^ CO3 in the blow-pipe flame. Iiead Sulphide. 
(Bead leaves black mark on paper; an<L when dissolved in H NO3, 
gives a white precipitate on addition 01 H, SO4.) 



PART III. 

REACTIONS OF THE COMMONLY OCCUR- 
RING METALS, WITH THE METHODS 
OF THEIR SEPARATION. 

GROUPING OF THE METALS. 

6fi. The metals are divided into five groups accord- 
ing to their behaviour with certain substances which 
are termed group reagents. These five groups are the 
following : — 

Group I.— (Silver Group.)* 

Group reagent, HCl. 
Silver, Mercury, Iiead. 

The chlorides of the metals of this group are in- 
soluble in water, and are therefore precipitated on 
addition of HCl. 

* A characteristic metal in each group may conveniently be used to 
designate that group. Thus, we may say, " Silver Group" and " Copper 
Group," in place of Groups I. and II. 
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Group II. (Copper Group.) 

Group reagent, HjS in presence of HCL 

Mercury, Lead, Bismnth, Copper, Oadmium, Arsenic, 

Antimony, and Tin. 

The sulphides of the metals of this group are in- 
soluble in HCl, and are therefore precipitated by HgS 
in an aqueous solution containing HCL The three 
last metals, arsenic, antimony, and tin, form a sub- 
group, as their sulphides are soluble in (N 114)282, 
whilst the sulphides of the remaining metals are 
insoluble in that reagent. 

Group III. (Iron Group.) 

Group reagent, (N 114)28, in presence of NH4a and 

(NH4)H0. 

Iron, Nickel, Cobalt, Zinc, Alnminiiun, Manganese, 

and Chromium. 

The sulphides and hydrated oxides of the metals of 
this group are insoluble in water, and are therefore 
precipitated on addition of the group reagent. Alu- 
minium and chromium are precipitated as hydrated 
oxides, the others as sulphides. 
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Group IV. (Barium Group). 

Group reagent, (^^^^O^ in presence of (NH4)H0 

and NH4CL 

Bartjoiiij Btrontiumi Caldumi 

The carbonates of the metals of this group are in- 
soluble in water, and are precipitated on the addition 
of (NH4)2COs ; as, however, they are soluble in acids, 
(NH4)H0 must be added when the solution is acid. 



Group V. (Potassium Group.) 

Metals unprecipitated by the above group reagents. 

■% 
Macnesivm, PotasBlum, Sodium^ Ammonium. 

These metals have no common precipitant, and are 
therefore distinguished by individual tests. 

The student should at first have several metallic 
salts given to him, and be asked merely to determine 
to which of the above groups each salt belongs ; he 
ought next to make himself familiar with the individual 
tests for each metal which follow, and then proceed to 
the separations of the different metals. It will also be 
well for him to attempt to frame a table of separations 
for each group before consulting those given in the 
book. 
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Reactions of the Metals of the SUTor Gronp. 

63. Metals whose chlorides are insoluble in water, 
and which are precipitated on addition of the group 
reagent, HCl : 

SilTer, Mercury^ Iiead. 

Silver. Ag, combining weight 108. 

1. HCl produces a white curdy precipitate of AgC, 
insoluble in hot water and in HNO3, ^^^ readily soluble 
in (NHJHO. 

2. HgS or (NH4)2S produces a black precipitate of 
AgjS, soluble in boiling HNO3, with separation of sul- 
phur. 

3. NaHO produces a light brown precipitate of 
AggO, insoluble in excess of NaHO, but soluble in 
(NH4)HO. 

4. K2Cr04 produces a dark red precipitate of 
AggCrO^, soluble in hot HNOg ; this solution deposits 
on cooling an acid chromate in needle-shaped crystals, 

5. Heated on charcoal with NagCOg, in the reducing 
flame of the blow-pipe, yields bright, malleable metallic 
beads, soluble in HNO3 (56, a), 

64>. Mercury. Hg, c.w. 200. Mercurous Salts. 

1. HCl produces a white precipitate of HggClj 
(calomel), insoluble in cold HNO3, and blackened by 
(NH4)H0, from formation of HggCKNHa). 

2. HjS or (NH4)2S produces a black precipitate of 
HgaS, not dissolved by boiling HNOg. 
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3. NaHO produces a black precipitate of HgjO, in- 
soluble in excess of NaHO or (NHJHO. 

4. SnClg produces a grey precipitate of Hg. If the 
fluid be poured off and the residue boiled with HCl 
distinct globules are obtained 

5. If a drop of a neutral or only slightly acid solution 
of a mercurous salt be placed on a bright piece of 
copper, metallic mercury is deposited and the stain 
becomes bright on rubbing : it disappears on heating, 
owing to the volatility of the mercury. 

6. Heated in a small tube with NaHCOg, yields grey 
deposit of Hg, which on rubbing appears in distinct 
globules (59). 

65. Lead. Pb, c.w. 207. 

1. HCl produces a white precipitate of PbClj, which 
is converted into a basic salt on adding ammonia, but 
without change of appearance. PbCl2 is soluble in a 
small quantity of hot water, or in a large quantity of 
cold water. 

2. H2SO4 produces a heavy white precipitate of 
PbS04, soluble in NaHO. In dilute solutions this 
precipitate appears only on standing ; if therefore there 
is no immediate precipitation, the solution should be 
concentrated by evaporation. PbS04 is soluble in 
boiling HCl, and the solution on cooling deposits 
needle-shaped crystals of PbClg. 

3. K2Cr04 produces a bright yellow precipitate of 
PbCr04, readily soluble in NaHO, but with difficulty 
in HNOa. 
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4. KI produces a bright yellow precipitate of Pbl^ 
soluble in boiling water ; the solution on cooling depo- 
sits the salt in brl lant golden hexagonal scales. 

5. Heated on charcoal with NaHCO^, yields mal- 
leable beads, and at the same time a yellow incrusta- 
tion of PbO on the charcoal (56, a). 



TABLE C. 

SILVER GROUP (I.). 

66. Separation of SllTer, Mercury, and Iiead. 

Add HCl and filter from the precipitated chlorides. 
Precipitatb. I Filtrate. 

AsCl, YLzJSi^ PbCl,. Groups II., III., IV. & V. 

Wash precipitate twice with cold water, and add washin{j^ to filtrate ; 
then twice with hot water, and test part of this for lead with lA^K)k.> 
White precipitate indicates IiCad. Boil the remaining part down to 
obtain the needle-shaped crystals of PbCl,. If lead be found, wash the 
precipitate free from it with hot water, and treat the residue with warm 
(NH4) HO ; filter. 

Residue. | Filtrate. 



As. 

If the residue is black, this Add HNO3. A white preci- 

indicates Mercury. Dissolve pitate indicates the presence of 

in HCl + HNO3 and test with SilTCr. Confirm with blow-pipe 

Sn Clg. Confirm by reduction test (56^ 0). 
(«©). 

F 
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RMtettons of the Metals of the Copper Oroup. 

67. Metals whose sulphides are insoluble in HCl 
and are precipitated in presence of that acid by the 
group reagent HjS. 



Mercuryj Iiead, Bismuth, Copper, Cadmiom, Arsenic, 

Antimony, and Tin. 

3UB-GR0UP A.^Sulphides of the above metals in- 
soluble in (NH4)aS2y viz., Mercury, Iiead, Copper, Bis- 
ninth, and Cadminm. 

Mercury. Hg, C.w. 200. Mercuric Salts. 

1. H2S produces, when added by degrees, first a 
white precipitate, which changes to orange, then to 
brownish red, and finally to a black precipitate of 
HgS. These successive changes of colour on the ad- 
dition of HgS are exceedingly characteristic. This 
precipitate is insoluble in HCl and in HNOj, even on 
boiling ; it is soluble, however, in KHS and in aqua 
regia. 

2. KHO produces a yellow precipitate of HgO, which 
is insoluble in excess of the precipitant, except when 
added to very acid solutions. 

3. (NHJHO produces in solutions of HgClj a 
white precipitate of HgCl(NH)2 (" white precipi- 
tate"). 
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4. SnClj produces, when added in small quantities, 
a white precipitate of HgjClj, but on adding an excess 
of the reagent, metallic mercury precipitates as a grey 
powder, and may be united into a coherent globule by 
boiling with HCl. 

5. Reactions 5 and 6 for mercurous salts (64) are 
also produced with mercuric salts. 



68^ Lead. Pb, cw. 207. 

1. HgS produces a black precipitate of PbS, even in 
solutions of PbClg, so that a weak solution of a lead 
salt which has not been precipitated with HCl will be 
precipitated with HgS. Hence lead occurs both in the 
silver and copper groups. 

2. Reactions 2, 3, 4, and 5, for lead, in Group I. (66), 
are also applicable in this group. 

69. Bismuth. Bi, cw. 210. 

1. HjS produces a black precipitate of BijSs, insolu- 
ble in KHS and KHO, but soluble in HNO3. 

2. KHO or (NH4)H0 produces a white precipitate, 
which on boiling becomes yellow (BigOg); the precipi- 
tate is insoluble in excess of either reagent. 

3. HgO, when added in considerable quantity to 
normal salts of bismuth, produces an immediate white 
precipitate of a basic salt of bismuth. 

Bismuth trichloride is most easily precipitated by 
HgO. If another salt of this metal is being examined, 
it is best to precipitate the oxide first by ammonia ; 

F 2 
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dissolve it in as little HQ as possible, and evaporate 
it almost to dryness. On adding water to this solu- 
tion, a precipitate of BiOCl at once forms, which is 
insoluble in tartaric acid (compare corresponding re- 
action with antimony, 74, 4). Solutions of bismuth 
salts containing much free acid do not give this 
reaction with HgO until the excess of acid has been 
expelled by evaporation. 

4. K2Cr04 produces a yellow precipitate of Bi2(Cr04)3, 
soluble in HNO3, ^^^ insoluble in NaHO. (Compare 
reaction for lead, 65, 3.) 

5. Heated on charcoal with NaHCOg in the re- 
ducing flame of the blow-pipe, yields brittle metallic 
globules; also a slight yellow incrustation of oxide 
on the charcoal 

70. Copper. Cu, c.w. 63-5. 

1. HgS produces a black precipitate of CuS, soluble 
in HNO3, but insoluble in KHS, and only slightly 
soluble in (NH4)2S2. CuS is also dissolved by KCN, 
but is insoluble in hot dilute H2SO4. 

2. KHO produces a pale blue precipitate of Cu(H0)2t 
insoluble in excess of the precipitant. If the KHO be 
added in excess and the mixture boiled, the precipitate 
becomes black and loses water. 

3. (NH4)H0 produces, when added in small quanti- 
ties, a greenish blue precipitate of a basic salt, soluble 
in excess to a dark blue solution, which consists of a 
double basic salt of copper and ammonium. 

4. K4Fe(CN)g produces a brown precipitate of 
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Cu,Fe(CN)0, insoluble in dilute acids, but decomposed 
by KHO. 

5. Fe precipitates copper in the metallic state, from 
its solutions, especially in presence of a little free acid. 
The iron ought to be bright and clean. 

6. Zn also precipitates copper solutions. If a solu- 
tion of copper containing a few drops of H CI be placed 
in a platinum capsule, and a fragment of zinc added, 
the copper will be precipitated on the platinum as a 
red coating. 

7. Compounds of copper, when heated in the Bunsen 
lamp flame, impart a green colour to it, especially after 
addition of AgCL 

8. Mixed with NaHCOg + KCN and heated on 
charcoal before the reducing blow-pipe flame, yields 
bright red metallic particles, soluble in HNO3, and 
giving a deep blue solution on adding (NHJHO. 

71. Cadmium. Cd, c.w. 112. 

1. HjS produces a yellow precipitate of CdS, soluble 
in HNO3, but insoluble in KHS, in (NH4)jS, and 
in KCN. CdS is dissolved by hot dilute HgSO^. 
(Compare reaction for copper, 70, i.) 

2. KHO produces a white precipitate of Cd(H0)2, 
insoluble in an excess of the precipitant. 

3. (NHJHO also precipitates Cd(H0)2, but the pre- 
cipitate is soluble in excess. 

4. Heated on charcoal with NaHCOa in the reducing 
blow-pipe flame, yields no metallic bead, but a brown 
incrustation of CdO. 
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73. Sub-group B. — Sulphides soluble in {^M^^^ 
viz., those of Tin, Anttnumy, and Arsenic. 

Tin, Sn, C.W. Ii8. Stannona Baits. 

1. HgS produces a dark brown precipitate of SnS, 
soluble in (NH4)2S2 (yellow), but nearly insoluble in 
(N 114)28 (colourless). From its solution in (N 114)282 
it is re-precipitated as SnS2 (yellow) on adding HCL 
SnS is also soluble in KHO, and, on the addition 
of acids, is re-precipitated as SnS (brown). 

2. KHO produces a white precipitate of Sn (HO), 
soluble in excess of the reagent 

3. (NH4)H0 also produces a precipitate of Sn(HO)^ 
but not soluble in excess. 

4. HgCl, produces at first a white precipitate ot 
HggCls, and on boiling with excess of the reagent, 
a grey precipitate of Hg. 

5. AuCls produces a purple precipitate (purple ol 
Cassius) on addition of a little HNO3. 

6. Zn produces a precipitate of metallic tin, in 
shining laminae or as a spongy mass. 

7. Mixed with NaHCOs + KCN and heated on char- 
coal in the reducing blow-pipe flame, yields small 
globules of Sn and a white incrustation of SnOg. 

Stannic Salts. — I. HgS produces a yellow preci- 
pitate of SnS,, soluble in (NH4)2S, in KHO, and in 
boiling concentrated HCl. It is with difficulty soluble 
iif (NH4)H0, and Insoluble in (NH4)2C08. 

2. KHO or (NH4)H0 produces a white precipitate 
of SnO(HO)2, soluble in an excess of the precipitant. 
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3. Zn produces the same reaction as with stannous 
salts. (See above.) 

4. The blow-pipe reaction for Stannic is the same as 
for Stannous Salts. (See above.) 

7A. Antimony. Sb, c.w. 122. 

1. HgS produces in acid solutions an orange pre- 
cipitate of SbjSs, soluble in alkaline sulphides, in 
KHO, in boiling concentrated HCl, but insoluble in 

(NH4)2C03. 

2. KHO produces a precipitate of SbjOg, soluble in 
excess of the reagent. 

3. (NH4)H0 produces a precipitate of SbgOs, in- 
soluble in excess of the reagent. 

4. HgO produces in solutions of SbCls a white pre- 
cipitate of SbOCl, soluble in tartaric acid : compare 
corresponding reaction with bismuth (69, 3). 

5. Zn, in presence of HCl and platinum, precipitates 
Sb as a black powder, which adheres to the platinum. 
This is best done either by placing a strip of Zn and 
Pt (in contact) in a solution of Sb made acid with 
HCl, or by placing a similar solution in a platinum 
capsule and dropping in a piece of Zn. The black 
stain on the platinum is not dissolved by cold HCl, 
but is immediately dissolved by warm HNO3. 

6 (Marsh's Test). — If a solution of Sb be placed in 
a flask along with Zn and dilute H2SO4, SbHs is given 
off as a gas, which is decomposed by heat, Sb being 
deposited. The apparatus is arranged as in the 
figure, a is the evolution flask ; b, a tube containing 
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CaClj to absorb moisture ; and r, a tube of hard glass 
attached to the drying tube, which is drawn out to a ■ 
point at the extreme end, so as to form a jet. When 
the dilute acid and zinc have been in contact some 
itime, and when the air has been expelled from the 
flask, the hydrogen evolved is lighted at the jet and a 
cold porcelain crucible lid is held against the flame ; if 
a black stain be produced on it, the materials employed 




Fig. i6. 

are not pure, and must be rejected. Having ascer- 
tained that the Zn and H2SO4 are pure, add now by 
the funnel tube a few drops of a solution of antimony, 
and observe that the flame now bums with a bluish 
green colour, and gives off white fumes (SbgOg), and 
that on placing a cold porcelain lid against the flame 
a dull black stain of metallic antimony is deposited 
on it. Obtain several of these stains in order to com- 
pare them with the corresponding arsenic ones, and 
then heat the tube c with the lamp flame. Observe 
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the deposition of Sb close to the flamey and the simul- 
taneous decrease of the green tint of the flame at the 
jet Obtain several of these mirrors, observe their 
silvery lustre, and keep some for comparison yrith 
arsenic mirrors. 

Further reactions, — («) Add to the stain on porcelain 
a drop of NaClO : the stain will remain undissolved. 

ifi) Cut off with a file the portion of tube containing 
the metallic mirror, and heat it in a dry test tube. The 
mirror will be oxidized to SbgOg, which will deposit as 
a sublimate on the test tube. Examine this with a 
lens, and ascertain that it is amorphous, 

(c) Attach another tube containing an antimony 
mirror to an apparatus evolving dry HjS, and warm 
the mirror gently (heating first the part of the mirror 
farthest from the evolution flask) : observe the change 
in colour from the formation of orange Sb2S3. Now 
detach the tube and pass through it (without heating) 
a current of dry HCl gas ; the SbjSj will be converted 
into SbClg, which is volatile, and may be collected by 
dipping the end of the tube under water. On adding 
HgS to this liquid, orange SbjSj will be re-precipitated. 

7. Allow a current of SbHj to pass through a solution 
of silver nitrate : SbAgj will be precipitated (black) and 
nitric acid left in solution. Filter and dissolve the 
residue in a hot solution of tartaric acid, add a few 
drops of HCl, and pass HgS through the solution : an 
orange precipitate of Sb2S3 will be obtained. 

8. Heated with NaHCOg on charcoal in the reducing 
blow-pipe flame, yields brittle globules of the metal, 
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and a white incrustation of SbgOg on the charco^. 
Fumes of the oxide are also given off after the metal 
has been removed from the flame, and they occasion- 
ally condense round the bead in a crystalline mass. 

75. Arsenic. As, c.w. 75. 

1. HgS produces in acid solutions a yellow precipi- 
tate of AS2S3, soluble in alkaline sulpjiides, in KHO, in 
HNO3, and in (NH4)2C03, but nearly insoluble in 
boiling concentrated HCl. (Compare reactions for Sb, 
7 A, I.) 

2. AgN03 produces in neutral solutions a pale 
yellow precipitate of AggAsOg. This is best obtained 
by adding first the AgNOj solution, and then drop by 
drop a very dilute solution of (NH4)H0 prepared by 
adding one or two drops of ordinary (NH4)H0 to a 
test-tube full of HgO. The precipitate is readily soluble 
in excess of (NH4)H0, hence the necessity for using a 
very dilute solution of that reagent. 

3. CUSO4 added under the same conditions as the 
AgNOg, produces a pale green precipitate of CuHAsOg 
(Scheele's green), soluble in (NH4)H0. 

4. Acetic acid, added to solutions of AsgOg and 
then KHO in slight excess, yields (after evaporation 
to dryness), on ignition in a small tube, oxide ot 
cacodyl 2 (As( 0113)2)0, readily recognized by its power- 
ful and characteristic odour. If SnCl2 be added to the 
contents of the tube after ignition, the equally charac- 
teristic smell of cacodyl chloride, As( 0113)20, is ob- 
served. These experiments (and also Marsh's test (5) ) 
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must be done with an exceedingly small quantity of 
substance, owing to the poisonous properties of the 
products. 

5. Proceed exactly as in Marsh's test for Sb (7 A, 6), 
substituting a solution of As for one of Sb, and 
observe the bluish flame with which the mixture of H 
and AsHg bums, and also the production of white 
fumes of AsgOg. Obtain, as in the case of Sb, stains 
on porcelain lids, and mirrors by heating the hard glass 
tube. Compare these with the antimony stains and 
mirrors, and observe that the latter in the case of As 
are deposited at a greater distance from the heated 
part of the tube, owing to the greater volatility of As. 
Observe also the distinction in colour of the stains ; 
dark brown or almost black in the case of Sb, and, 
when seen in thin Alms, pale brown and lustrous in 
the case of As. 

Further reactions. — {a) Add to one of the stains on 
porcelain a drop of NaClO : it will be rapidly dis- 
solved. 

ip) Cut off the portion of tube containing a metallic 
mirror, and heat it in a dry test tube. The mirror of 
As will be oxidized to AsgOs, which will be deposited 
in crystals on the cool part of the tube. Examine these 
with a lens, and observe the octahedral form of the 
crystals. Take out the piece of tubing which con- 
tained the mirror, and dissolve the crystals left in the 
test-tube in warm HgO ; add to this solution AgNOs 
and very dilute (NH4)H0, and observe the yellow pre- 
cipitate of AgjAsOj. Or, to the aqueous solution of 
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AsjOs add a drop of HCl, and pass HgS through 
the solution, and observe the yellow precipitate ot 

{c) Attach another tube containing an arsenic mirror 
to an apparatus evolving dry HgS, and warm the 
mirror gently : it will be converted into yellow AsgSg. 
Now pass dry HCl through the tube (without warm- 
ing), and observe that the sulphide remains unaltered. 
(Compare corresponding Sb reactions, 74., 6, c), 

(d) Allow a current of AsHg to pass through a solu- 
tion of silver nitrate : a black precipitate of Ag will be 
produced, and AsjOj will be found in solution along 
with HNOs liberated from the AgNOg. Filter from 
the Ag, and very cautiously neutralize the free acid with 
highly diluted (NH4)H0, when a yellow precipitate ot 
AgjAsO'g will be formed. (Compare corresponding 
Sb reaction, 7A, 7.) 

6. Compounds of arsenic, when treated with Zn and 
strong solution of KHO, are converted into AsHg by 
the action of the nascent hydrogen. If this reaction 
be performed in a test tube, and the gas escaping be 
held near a piece of paper moistened with AgNOg, a 
bluish black coloration is produced by the formation 
of AsAgg. (Sb compounds give no similar reaction.) 

7 (Reinsch's Test). — ^Add to the solution of arsenic, 
HCl and a few strips of bright copper wire or foil : As 
is deposited on the copper, which may be removed 
from the solution, dried by filter paper, and heated in 
a dry test-tube to obtain the octahedral crystals of 

ASjOg. 
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8. Dry reactions. 

Place the dry arsenic compound at a (Fig. 1 7), in a 
drawn-out hard glass tube. Then place above it at ^ a 
small rod of well-ignited charcoal, and heat the portion 
containing the charcoal until it is red hot. This will 




Fig. »7. 

cause the glass to soften, and the tube will bend so as 
to bring the portion a into the flame. The arsenic 
compound will volatilize and be decomposed by the 
red-hot charcoal, and a metallic mirror will form at c* 
9. Place the dry arsenic compound in a bulb tube 
as at ^ (Fig. 18), along with a mixture of equal parts 
of dry Na^COg and KCN, and heat the bulb. A miiTor 




Fig. 18. 



of As will form at by which may be fuither tested by the 
reactions mentioned for the mirror obtained in Marsh's 
test (75, 5, b). If any moisture be deposited on first 
heating the tube, remove it by inserting a small coil of 
filter paper. 

10. The above reaction is more delicate when the 
mixture is heated in a current of dry CO2. For this 

» Non-volatile compounds of As must be mixed with dry charcoal 
powder, and heated in a similar tube, having in addition a small bulb at 
the lower end to contain the mixture. 
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purpose, the arsenic compound is pounded in a mortar 
with a perfectly dry mixture of three parts NagCOj 
with one part of KCN, and placed at a in the tube ab 
(Fig. 19), through which a slow current of dry COg is 

a o 

Fig. 19. 

led, and the whole tube gently heated until every trace 
of moisture is expelled. When this is the case the tube 
is more strongly heated at a^ and the mirror is obtained 
at b; traces of arsenic escape condensation, and there- 
fore a slight garlic odour is observed at the extremity 
of the tube. Antimony compounds treated in this 
way yield no metallic mirror. 

II. Arsenic compounds, when mixed with NagCOs 
and heated on charcoal by the blow-pipe flame, are 
reduced to metallic arsenic, ^hich at once volatilizes, 
and may be recognized by the characteristic odour 
resembling garlic. 



TABLE E. 

GROUP II. 



76. Separation of Arsenic, Antimony, and Tin 

(Sub-Gronp B). 

Solntion in (NH4)2S,> cc"tain£ sulphides of As. Sb, and Sn. Add HQ 
until acid : the muals I'-t re-pi ecipitated as sulphides. Filter, wash 
precipitate with loi »vtpi till 'roe from HCl ; di^st precipitate with one 
or two pieces of .;oUd (N H4)oCO^ and H2O. Futer. 
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Residue. 

fibis 



I 



Filtrate. 



99 



3»3- 



Wash and dissolve in strong boiling 
HCl, dilute with water^ and add to 
the solution a piece of zinc and pla- 
tinum : Sb forms a black stain on 
the platinum. Dissolve in HNO3, 
boil down to a small bulk, and pass 
H3S through the solution ; orange 
precipitate indicates presence of 
Antimony. The 8n deposits 
en the zinc ; dissolve in HCl boil 
down, and test with HgCla. White 
precipitate indicates Tin. 



As. 

Add HCl until acid; wash pre- 
cipitated sulphide, and dissolve in 
HCl and a litUe KCIO3, boU 
down to a small bulk, and apply 
Marsh's test (76, 5). Metallic 
mirror, jrieldingoctsihedral crystals 
on heating, indicates Arsenic. 
Dissolve in HjO, and confirm by 
adding AgNOs and dilute (NH^ 
HO, to obtain yellow preapitate 
ofAg3As03(75, s*). 



Reactions of the Metals of the Iron Group. 

77. Metals whose sulphides and hydrated oxides are 
insoluble in water, and are precipitated on addition of 
the group reagent (NH4)2S in presence of (NH4)HO 
and NH4CL 

Iron, Nickel, Cobalt, Zinc, Aluminium, Manganese, 

and Chromium. 

Iron. Fe, c.w. 56. Ferrous Salts. 

1. (N 114)28 produces a black precipitate of FeS, 
insoluble in alkalies, but soluble in HCl. In dilute 
solutions of ferrous salts (N 1^4)25 produces at first a 
green colour ; on standing, however, FeS separates as 
a black precipitate. 

2. KHO or (NH4)H0 produces a white precipitate 
of ferrous hydrate Fe(H0)2, which rapidly acquires a 
dirty green, and ultimately a reddish brown colour, 
owing to absorption of oxygen and conversion into 
ferric hydrate FegCHO^ 

3. Carbonates of the alkalies precipitate FeC03 

G 
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(white), which rapidly darkens in colour owing to 
absorption of oxygen. 

4. K4Fe(CN)Q produces a white precipitate ot 
K2Fe2(CN)g, which rapidly becomes blue by oxida- 
tion to Fe5(CN)i2 (Prussian blue). It is insoluble in 
acids, but is decomposed by alkalies. 

5. K3Fe(CN)Q produces a blue precipitate of Feg 
Fcg (CN)i2 (Turnbuirs blue), also insoluble in acids, but 
decomposed by alkalies. 

6. KCNS produces no coloration. 

7. Ba CO3 produces no precipitate in cold solutions 
of ferrous salts. 

8. Fused with borax in the oxidizing flame, yellowish 
red beads are produced ; in the reducing flame the 
beads become green. (See also 59.) 

Ferric Salts. — I. HgS in acid solutions produces a 
precipitate of sulphur, and the salt is reduced to proto- 
salt, thus : FejClg + HgS = 2 FeCla + 2 HCl + S. 

2. (N 114)28 produces a black precipitate of FeS mixed 
with sulphur, insoluble in excess of the reagent and in 
alkalies, but soluble in HCl and in HNO3. In dilute 
solutions of iron only a greenish coloration is produced. 

3. KHO or (NH4)H0 produces a brownish red preci- 
pitate of Fe2(HO)6, insoluble in excess of either reagent. 

4. K4Fe(CN)a produces a precipitate of Fe5(CN)i2 
(Prussian blue), insoluble in HCl, soluble in C2H2O4, 
and decomposed by KHO or NaHO with separation 
of Fe2(H0)a. 

5. K3Fe(CN)e changes the colour of the solution to 
reddish brown, but does not produce a precipitate. 
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6. KCNS produces even in dilute solutions a blood- 
red coloration, due to the formation of a soluble iron 
sulphocyanide. HCl does not destroy the coloration, 
but it is destroyed by CgHgOgNa, HgClg, H3PO4, and 
by C4H8be. 

7. BaCOg precipitates ferric solutions completely as 
Fe2(H0)fl mixed with basic salt. 

8. The blow-pipe reactions are the same as for ferrous 
compounds. 

78. Nickel. Ni, c.w. 587. 

1. (NH4)3S produces a black precipitate of NiS, 
slightly soluble in excess, forming a brown solution 
from which NiS is precipitated on boiling. The pre- 
cipitate is very difficultly soluble in HCl, but dissolves 
in HNO3 and in aqua regia. 

2. NaHO or KHO produces a light green precipitate 
of Ni(HO)j insoluble in excess of the reagent, and 
unalterable in air. 

3. (NH4) HO produces also a precipitate of Ni(H0)2, 
readily soluble in excess, yielding a blue fluid, which 
is re-precipitated by KHO or NaHO. Acid solutions, 
or those containing salts of ammonia, yield no precipi- 
tate with (NH4)H0. 

4. KCN produces a yellowish green precipitate of 
Ni(CN)2, soluble in excess to a brownish yellow solu- 
tion of 2 KCN, Ni(CN)j. This solution is re-precipi- 
tated by addition of dilute HCl or H^SO^, and, if boiled 
with a strong solution of NaClO, yields a black preci- 
pitate of Ni2(HO)e. 

G 2 
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5. KNO2, in presence of C2H4OJ, produces no preci- 
pitate. 

6. Fused with borax in the oxidizing blow-pipe flame, 
yields reddish yellow beads when hot, which become 
paler on cooling. In the reducing flame the bead 
becomes grey by the presence of metallic nickel. (See 
also 59.) 

79. Cobalt. Co, c.w. 587. 

1. (N 114)28 produces a black precipitate of CoS, 
insoluble in excess of the reagent and in HCl, but 
soluble in aqua regia. 

2. KHO or NaHO precipitates blue basic salts, which 
turn green on exposure to air by oxidation. On heating 
the precipitate is converted into red hydrate Co(HO)2, 
which is soluble in(N H4)2C03to a reddish violet solution. 

3. (NH4)H0 produces the same precipitate as KHO, 
soluble in excess, yielding a reddish brown fluid, which 
is re-precipitated by KHO or NaHO. Acid solutions, 
or those containing salts of ammonia, are not preci- 
pitated. 

4. KCN produces a light brown precipitate of Co 
(CN)2, soluble in excess of the reagent by formation ot 
2 KCN, Co(CN)2. This solution is re-precipitated by 
the addition of HCl or H2SO4. (If the cobalt solution 
to which KCN is added be acid, a precipitate is pro- 
duced, soluble in excess of the reagent. When this 
solutionis boiled, potassium cobalti-cyanide KsCo(CN)0 
is formed which is not re-precipitated by HCl or H2SO4, 
nor by NaGO.) 
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5. KNO2, added to cobalt solutions with addition of 
acetic acid, produces on standing in a warm place a 
yellow crystalline precipitate (double nitrite of potas- 
sium and cobalt). 

6. Fused with borax in either blow-pipe flame, yields 
deep blue beads, which are almost black if the quantity 
of Co be large. (See also 59.) 

80. Zinc. Zn, c.w. 65*2. 

1. (NH4)2S produces a white precipitate of ZnS, 
insoluble in excess of the reagent and in KHO, but 
soluble in the mineral acids. 

2. KHO or NaHO produces a white precipitate of 
Zn(H0)2, soluble in excess of either reagent and in 
(NH4)H0. This solution is re-precipitated by diluting 
and boiling, but is not precipitated by addition of 
NH4CI. 

3. NajCOa produces a white precipitate of basic 
carbonate, insoluble in excess of the reagent. 

4. (NH4)2C08 also precipitates the basic carbonate, 
but it is soluble in excess of the reagent. 

5. Heated on charcoal with NagCOg in the reducing 
blow-pipe flame, a yellow incrustation of ZnO is 
obtained, which becomes white when cold. 

6. Heated on charcoal by the blow- pipe flame after 
moistening with C0CI2 solution, an infusible green 
mass is obtained. (See also 59.) 

81. Aluminium. A1, c.w. 27*4. 
J. (NH4)2S produces a white flocculent precipitate 
ofAl2(HO)e. 
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2. KHO or NaHO produces also a precipitate of 
Al2(HO)8, soluble in acids, even in hot acetic acid and 
in excess of the reagent. This* solution is not precipi- 
tated by HjS, but is re-precipitated by NH4CI, or by 
adding (NH4)HO after acidifying with HCL 

3. (NH4)H0 also precipitates Alj(HO)e, soluble in a 
very large excess of the reagent, more difficultly soluble 
in presence of salts of ammonia. 

4. BaCOg produces a precipitate of PAJ^O)^ mixed 
with basic salt. 

5. Na2HP04 precipitates aluminium phosphate, in- 
soluble m (NH4)H0 and in NH4CI, but soluble in KHO 
or NaHO, and in acids. It does not, however, dis- 
solve in hot acetic acid like aluminium hydrate. 

6. Heated on charcoal in the blow-pipe flame, then 
moistened with C0CI2, and re-heated, an infusible blue 
mass is obtained. 



L Manganese. Mn, c.w. 55. 

1. (NH4)2S produces a flesh-coloured precipitate of 
MnS, soluble in acids, even in acetic acid. 

2. KHO or NaHO produces a dirty-white precipi- 
tate of Mn(H0)2» insoluble in excess of the reagent ; 
the precipitate rapidly darkens in colour by absorption 
of oxygen. The freshly-precipitated hydrate is dis- 
solved by NH4CI, but the higher oxide is insoluble. 

3. (NH4)HO produces the same precipitate of 
Mn(H0)2, insoluble in excess of the reagent ; but it 
gives no precipitate if the manganese solution contain 

^NH4CL Such a solution on standing precipitates the 
dark brown hydrate. 
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4. NajCOg produces a white precipitate of MnCOg, 
which darkens in coloui by absorption of oxygen. 

5. If any manganese solution (free from chlorine) be 
treated with PbOg and then boiled with HNO3, it is 
converted into permanganate, which is recognized by 
its pink colour as soon as the mixture has settled. 

6. If any manganese compound be fused on platinum 
foil with NagCOg and a trace of KNO3, it is converted 
into Na3Mn04, recognized by its bright green colour. 

7. Fused with borax in the oxidizing flame, an ame- 
thyst-coloured bead is obtained, which becomes colour- 
less in the reducing flame. 

83. Chromium. Cr, c.w. 52-2. 

1. (N 114)28 produces a bluish green precipitate of 
CraCHO)^, insoluble in excess of the reagent. 

2. (NH4)H0 also precipitates the hydrate, soluble 
to some extent in excess, yielding a pink fluid, but on 
heating the precipitation is complete. 

3. KHO or NaHO precipitates also Cr2(H0)g, soluble 
however in excess, yielding a green or bluish violet 
solution. On continued boiling or addition of NH4CI 
and heating, the hydrate is re-precipitated. 

4. BaCOs produces a precipitate of Cr3(HO)5 along 
with basic salt ; the precipitation is not complete till 
the mixture has stood some time. 

5. Fused with NagCOg and KNOg on platinum foil, 
yellow Na2Cr04 is obtained. 

6. Fused with borax in either flame (but best in the 
reducing flame), green beads are obtained. 



TABLE 

BA. IRON GROUP (III.).-Sep«ratlan of Iron, Nickel, 

To the filtrate fi^m the sulphides of the Cu and As groups add (NH4) HO 

and shake forsome time. Filter (preferaWy by the Bunsen pump). Wash 

Residue. ** precipitate with cold 



Ni8 and Co8. 

Test for Co by 
borax bead. Dis- 
solve the black 
residue in HCI 
and K CI O3. 
Boil down just 
to dryness, di- 
lute with HaO, 
add KCN in ex- 
cess, then a drop 
of acetic add, 
bcnl for a few 
minutes, add 
NaQO in excess, 
and boil again. 
A black preci- 
pitate indicates 
Nickel. The 
filtrate frcmi this 
precipitate may 
be tested for Co 
by evaporating 
to dryness, and 
furing in a borax 
bead. Blue co- 
lour indicates 
Cobalt. 



METHOD L Cr is Absent. 
Boa down with a liide KQ O3 till it smelU of Q. Add 
pure NaHO tiU strongly alkaline. Filter. 
Residue. | Filtrate. 

1 



Pe2(HO)6,»^n(HOX 
Wash with hot HgO, dissolve in HQ, 
add (NH4)HO, and filter. 
Residue. | Filtrate. 

1 



Pe, (koXs. 

Dissolve in 
Ha. Test with 
K4Fe(CN)6.Blue 
precipitate indi- 
cates Iron. To 
ascertainwhether 
the iron is pre- 
sent as ferrous or 
ferric salt, the 
origifuUsoluti4>H 
must be tested 
withK4Fe(CN)6, 
and KjFeCCNXs. 



Al, Zni 



into 



H^ 



Mn. 

Boil down and 
ignite, to expel 
salts of ammo- 
nium. Fuse 
with NaHO and 
KNO3. A green 
residue indicates 



Maaraneae. precipitate 



Traces of-Ni and 
Co are found 
along with the 
Mn. 



Divide 
two parts. 

I. Add 
or(NH4l\ A 
white precik. Hate 
indicates 2aiiic. 
Confirm by 

flame-reaction. 

a. Add HQ 
till acid, then 
(NH4)H0 till al- 
kaline. A white 
indi- 
cates Almni* 
ninwi. Confirm 
by flame re- 
action. 



F. 



Cobalt, Aluminium, Zinc, Mangaweae, and Chromium. 

(tiU alkaline) + NH4CI + (NH4)aS. Warm the mixture gently in a small flask 

well with HaO, containing (NH4X1S, and finally once with HO alone. Treat 

dilute HCl, and filter. 

Filtrate. 

I 
Cr, Al, Fe, Zn, and Mn. 

(Green or violet if Cr be present Boil down a portion and test for Cr by 

borax bead. ^ Adopt Method I. if absent, Method II. if present) 

METHOD II. Cr is Present. 

Boil down with a little KQOa till it smells of Q. Add Na^COa or NaHO 
till just neutral or slightly acid ; allow to become perfectly cold. Add excess of 
BaCOs, place in a flask, cork up and shake well, allow to stand till clear. Filter. 
Residue. i Filtrate. 



I 



r 



FeaCHOXi, Cr, (HO)6. Ala(HO)6 (also excess of BaCOs). 
Wash well, boil with pure NaHO, and filter; add 
HCl to the filtrate, and then (NH4) HO till alkaline. A 
white precipitate indicates Aluminium. Confirm by 
flame-reaction. Fuse the residue insoluble in NaHO with a 
mixture of Na^COaand KNO3, extract with water, and filter. 



Residue. 

Dissolve in H CI, and test 
with K4Fe<CN)6. A blue pre- 
cipitate indicates Iron. 



Filtrate. 



75r. 

Yellow in colour. Acidify 
with acetic acid ; add lead 
acetate. A bright yellow pre- 
cipitate indicates Chro- 
uiium. 



Zn, Mn. 

Precipitate the 
Ba present with 
H3S04inthehot 
solution. Boil 
well, and filter ; 
add NaHO. Pre- 
cipitate indicates 
Mani^aneae. 
Confirm by fus- 
ing with NajiCOa 
and KNO3 on 
platinum foil. To 
the filtrate from 
the Mn(HO)a 
add (NH4),S. A 
white precipitate 
indicates Zinc. 
Confirm by 

flame-reaction. 
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Reactions of the Metals of the Barium Group. 

85. Metals whose carbonates are insoluble in water, 
and whose solutions are precipitated on the addition of 
(N 114)2003 : as, however, the carbonates are soluble in 
acids, the solution, if acid, must be neutralized by 
addition of (NH4)HO. 

Barium, Strontium, Calcium. 

Barium. Ba, c.w. 137. 

1. (N 114)2003 produces a white precipitate of BaCOs, 
soluble in acids, and to a slight extent in NH4CI. 

2. K2GO3 or Na2C03 produces also a precipitate of 
BaCOs, insoluble in excess of either reagent. 

3. H2SO4 or any soluble sulphate produces, even in 
dilute solutions, a heavy white precipitate of BaS04, 
insoluble in acids, alkalies, or salts of ammonium. 

4. CaS04 or SrS04 produces an immediate white 
precipitate of BaS04. 

5. H2SiFQ produces a white precipitate of BaSiFg. 

6. CaCN 114)204 produces a white precipitate of 
C2Ba04, soluble in HCl and in HNO3. 

7. K2Cr04 produces a yellow precipitate of BaCr04, 
insoluble in C2H4O2, but soluble in HCl and HNOg. 

8. Heated in the lamp flame a green coloration is 
produced, especially on moistening the salt with HCL 

86. Strontium. Sr, c.w. 87-5. 

I. (NH4)2C03 or K2CO3 precipitates white SrCOs, 
soluble in acids, but less soluble in NH4CI than BaCOj. 
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2. H2SO4 produces a white precipitate of SrS04, 
which is much less insoluble in H^O than BaS04, and 
it therefore precipitates from dilute solutions only on 
standing or warming. SrS04is slightly soluble in HCl. 

3. CaS04 produces, after standing some time, a 
white precipitate of SrS04, 

4. HjSiFg does not precipitate strontium solutions. 

5. CjCN 114)204 produces a white precipitate of 
C2Sr04, soluble in HCl and in HNO3, also to a slight 
extent in NH4CI, but very sparingly in C2H4O2. 

6. K2Cr04 produces, only in concentrated solutions, 
a yellow precipitate of SrCr04, soluble in C2H4O2. 

7. Heated in the lamp flame a crimson coloration is 
produced, especially on moistening the salt with HCl. 

87. Calcium. Ca, c.w. 40. 

1. (NH4)jC08 or KjCOa produces a white precipitate 
of CaCOg, which becomes crystalline on heating. 

2. H2SO4 precipitates from strong solutions of cal- 
cium salts CaS04, as a white precipitate, which dis- 
solves in a large excess of water, and also in acids. 

3. CaS04 produces no precipitate. 

4. H2SiFj produces no precipitate. 

5. C2(NH4)204 produces, even in dilute solutions, a 
white precipitate of C2Ca04, soluble in HCl or HNOj, 
but insoluble in C2H2O4 or in C2H4O2. 

6. Heated in the lamp flame, a dull red coloration is 
produced, especially on moistening the salt with HCL 
This reaction is imperceptible in presence of Ba or Sr 
salts. 



TABLE 
88.— CALCIUM GROUP (IV.). 

Separation of Barium, 

Heat filtrate firom iron group, add to the hot solution NH4CI and 
and add CaS04 solution. An immediate precipitate indicates Barium j 
solution. (Test another portion with Sr SO4 for Ba.) To another portion of 
Neutralize filtrate with (NH4)H0, and add C3(NH4)a04. An immediate 



I. Ba Present. Ca Absent. 

j Dissolve the carbonate in HCl, and evaporate to 
I dryness. Treat the residue with strong alcohol. 



Filter. 



Residue. 



613. 



Filtrate. 



Confirm by flame test. 
Green coloration indi- 
cates Barium. 



I 
Sr. 

Confirm by lighting 
the alcoholic solution. 
Crimson coloration in- 
dicates Strontium. 



TO TEST FOR 

II. Ba Absent. 

Dissolve as before, and 
Filter, and 
Residue. 



SrS04^ 

If small, bum the fil- 
ter in the reducing gas 
flame to convert SrS04 
into SrS: moisten with 
HCl, and test in the 
lamp-flame. Crimson 
coloration indicates 
Strontium. 



ANOTHER 

Dissolve in HNO3, 
ness. Treat with strong 
Residue. 



SrdiOs),, 
Confirm as above. 



G. 

strontium^ and Oaleinm. 

(NH4)aC03» and filter. Wash precipitate with hot H9O, dissolve in HCl, 
a precipitate after some time indicates Strontium^ or a dilute Barium 
the solution in HCl add H3SO4, and boil to remove Ba and Sr. Filter, 
precipitate indicates Calcitim- 



STRONTIUM. 

Ca Present. 

precipitate with H3SO4. 
wash well. 

Filtrate. 



Oa. 

Neutralize the solution 
with (NH4)HO, and 
test with Ca(NH4)a04, 
White precipitate indi- 
cates Calcium. 



METHOD. 

and evaporate to 
alcohol. Filter. 
Filtrate. 



dry- 



— 5i. 

Confirm as above. 



III. Ba AND Ca Present. 

Add H9SO4 to the HCl solution (diluted to prevent 
precipitation of Calcium), and filter. 



Residue. 



Filtrate. 



^ 

Neutralize the solution 
with (NH4)H0, and 
test with Ca(NH4)a04 
White precipitate indi- 
cates Calduni. 



BaS04, SrS04. 

Boil in a beaker 
with a little water, 
together with a mix- 
ture of three parts 
KaS04 and one part 
KaCOs- Filter, and 
treat residue with 
HNO3. The SrS04 
b dissolved, and the 
BaS04left undissolved. 
(Traces of Ca may be 
found with the Sr.) 



ANOTHER METHOD. 

Dissolve the carbonates in C3H40a, and pre- 
cipitate the Ba with KaCr04. Filter. Precipi- 
tate the Sr and Ca by (NH4)aC03, and proceed 
as in Method II. (Ba Absent, Ca Present). 
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Reactions of the Metals of the Potassium Group. 

89. Metals whose solutions are unprecipitated by 
the preceding group reagents, but which have no 
common precipitant, and are therefore recognized by 
individual tests. 

MafrneslQin^ Potasslninj Ammonliun, Sodium. 

Magnesium. Mg, c.w, 24. 

1. Na2HP04 produces, in presence of (NH4)H0 and 
NH4CI, a crystalline white precipitate of MgNH4P04. 
From dilute solutions the precipitation is slow, but may 
be hastened by stirring with a glass rod. The precipi- 
tate is soluble in dilute mineral acids and in C2H4O2, 
but is almost insoluble in dilute solution of (NH4)H0. 

2. (NH4)H0 in neutral solutions produces a partial 
precipitation of the hydrate Mg(H0)2, but gives no 
precipitate in presence of NH4CI, in which the hydrate 
is readily soluble. 

3. H2SO4, HaSiFg, and C^N 114)204 yield no preci- 
pitates. 

4. Heated on charcoal in the blow-pipe flame, then 
moistened with C0CI2 and re-heated, a pink mass is 
obtained. 

90. Potassium. K, c.w. 39*1. 

I. PtCl4 produces a crystalline yellow precipitate 
of 2 KCl + PtCl4, except in dilute solutions, which are 
not precipitated. The precipitation is promoted by 
stirring, or by addition of alcohol. 

2 Tartaric acid precipitates white crystalline hydro- 
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gen potassium tartrate from strong and neutral solu- 
tions. The precipitation is promoted by stirring. 

3. HgSiFg produces a white gelatinous precipitate ot 
KjSiFg. 

4. Heated on platinum wire in the non-luminous flame, 
a violet coloration is produced, which when viewed 
through a piece of blue glass appears reddish violet 

91. Ammonium. NH4, c.w. 18. 

1. PtCl4 produces a crystalline yellow precipitate of 
2 NH4Q + PtCl4, except in dilute solutions, which are 
not precipitated. The precipitate is insoluble in alcohol 
and ether, and when ignited leaves a residue of spongy 
platinum. 

2. Tartaric acid produces, in strong solutions, a white 
precipitate of hydrogen ammonium tartrate, similar in 
appearance to the corresponding potassium salt. 

3. Nessler's solution, added to ammonia or its salts, 
produces a yellow coloration, or, if the ammonia com- 
pound be present in large quantity, a brown precipitate. 

4. NaHo or KHO solution when warmed with am- 
monia salts decomposes them, and NH3 is evolved, 
which is recognized by its pungent odour, by its turning 
red litmus paper blue, and by its forming white fumes 
with a strong solution of any volatile acid, e.g. HCl. 

5. Heated on platinum foil, all compounds of am- 
monia volatilize completely. 



L Sodium. Na, c.w. 23. 
The soda salts are almost without exception soluble 
in water, so that the flame test alone serves to distin- 
guish the salts of this metaL 



96 
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I. Heated on platinum foil or wire in the non- 
luminous lamp flame, an intense yellow colour is 
produced, which, however, is not seen when viewed 
through blue glass. It is thus possible to distin- 
guish potassium salts when mixed with sodium salts. 



TABLE H. 



GROUP V. 

93 Separation of Masnesium, Potassiiun, Sodinm, 

and Animoninm. 

The filtrate from the Barium Group is concentrated by evaporation, 
and a portion evaporated on platinum foil If no residue is left on igni- 
tion, Mg, K, and Na are absent. 



Detection of 

NH4. 

The original 
substance or so- 
lution is heated 
with NaHO in a 
test tube. Pre- 
sence of An&- 
nu>ni'iunshown 
by smell, by the 
white fumes with 
HCl, and by its 
action on red 
litmus paper. 



Detection 
of Mgr. 

To a portion 
of the concentra- 
ted cold solution 
add (NH4) HO 
and Na2HP04. 
White crystalline 
precipitate de- 
notes BCa^nae- 
8inn&. 



To detect Na. 

Evaporate alcoholic solution 
(which must have a yellow colour, 
showing that excess' of Ft CI4 has 
been added) nearly to dryness, add 
a g^in or two of sugar, and ignite 
residue. Exhaust with water, fil- 
ter, evaporate to dryness ; and if a 
residue be left, test it by flame re- 
action for Na. Yellow coloration 
indicates Sodium. 



Detection of K and Na. 



(x.)Mgr.beinflr 
absent. 

Evaporate an- 
other portion of 
the solution to 
drjniess, ^ ignite 
residue, dissolve 
in a sinall quan- 
tity of water, fil- 
ter if required, 
and add to the 
clear liquidPtCU, 
evaporate nearly 
to dryness, and 
add alcohol. Yel- 
low precipitate 
indicates Po- 
tassinm. 



(3.)Mgr.beinir 
present. 

Evaporate the 
solution to dry- 
ness, i|;nite resi- 
due, dissolve in 
water, and add 
baryta water un- 
til the solution 
has an alkaline 
reaction; boil; fil- 
ter. To filtrate, 
add (NH4),C03, 
heat, filter, eva- 
porate to dryness^ 
and test the resi* 
due for R and 
Na^ 

As Sub. (L) 



I 



PART IV. 

REACTIONS OF THE ACIPS. 

QA. Grouping of the Acids, 

The acids do not admit of being grouped with the 
same precision as the bases, but they can be approxi- 
mately classified by means of certain group reagents. 
They are divided into two great classes, Inorganic 
and Organic Acids, These are readily distinguished 
by the action of heat. 

Salts of Inorganic Acids when heated to redness 
are not charred; salts of Organic Adds are at once 
charredy owing to decomposition and consequent sepa- 
ration of carbon.* 

95. OronplnflT of the Inorganic Acids. 

•Group I. (Sulphuric Acid Group). 

Group reagent, BaGj in presence of HCl. 

Sulphuric Acid^ Hydrofluo-silicic Acid. 

The acids of this group are precipitated by BaCl,, 
and the precipitate is not dissolved on addition of HCL 

* ^th the exception of acetic and formic acids. (See 1&8 and l&O.) 

H 
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Group II. (Phosphoric Acid Gkoup). 
Group reagent, BaCl,. 

Phosphoric, BoiiC| Oxalic, Hydrofluoric, Cai^onic, 
Silicic, Sulphurovs, HypoBulphurous, Arseniovs, 
Arsenic, Iodic, and Chromic AcidSk 

The acids of this group are precipitated in neutral 
solutions by BaClg. 

Group III. (Hydrochloric Acid Group). 
Group reagent, AgNOs. 

Hydrochloric, Hydrobromic, Hydriodic, Hydro- 
C3ranie, Hypochlorous, Nitrons, and Hydrosnlphurie 
Acids. 

The acids of this group are precipitated by AgNOj, 
and not by BaCI,. 

Group IV. (Nitric Acid Group). 

Nitric, Chloric, and Perchloric Acids. 

These acids are not precipitated by any reagent, as 
all their salts are soluble in water. 
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fteaetionB of the Inoriranie Acids belonctnar to Oroup I. 

9e. Acids precipitated by BaClg in presence of HCl. 

Sulphuric Acid| Hydrofluo-silicic Acid. 

Sulphuric Acid. H2SO4, c.w. 98. 

1. BaCl, produces a white precipitate of BaS04, 
insoluble in HCl or HNO3. In very dilute solutions 
the precipitation is not immediate^ but on standing 
the solution becomes clouded, and ultimately the pre- 
cipitate subsides. 

2. Pb(N03)2 produces a heavy white precipitate of 
PbS04, soluble in NaHO, and in boiling HCl (on 
allowing this solution to cool, PbCl2 crystallizes out). 

3. Fused on charcoal with NagCOa in the reducing 
flame of the blow-pipe, a sulphide is produced. If the 
fused mass be moistened with HCl, the odour of H^S 
is at once perceptible ; or if it be placed on a bright 
piece of silver and moistened with water, a black 
stain of AgaS is produced. As the latter reaction is 
very delicate, care must be taken to use NagCOg pier- 
fectly free from Na3S04, and it must be borne in mind 
that other sulphur acids give the same reaction when 
heated with NajCOj. 

97. Hydrofluo-silicic Acid. H^SiFj, c.w. 144, 
I. BaClj produces a crystalline precipitate of BaSiF^, 
insoluble in HCl. 

H 2 
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2. KCl produces a gelatinous precipitate of KaSiFg. 

3. Heated with sulphuric acid in a platinum or 
leaden crucible covered with a watch-glass, the latter is 
etched owing to the disengagement of HF. 

Reactions of the Acids belonctnar to Group II. 

98. Acids precipitated by BaQa in neutral solutions. 

Phosphoric^ Boric, OscaliCi HydrofluoriCi Carbonic^ 
Silicic, SulphTurous, HypostQphiiroiis, Arsenioas, 
ArseniCi Iodic, and Chroniie Acids. 

Phosphoric Acid. H3PO4, c.w. 98. (Ortho-phos- 
phoric Acid.) 

1. BaClg produces a white precipitate of BaHPOi, 
readily soluble in HNO3 or HCl, but with difficulty in 
NH4CI. 

2. MgS04, along with (]S[H4)H0 and NH4CI, pro- 
duces a white crystalline precipitate of Mg(NH4)P04-4- 
6H2O, insoluble in (NH4)H0,but soluble in HCl, HNO3, 
and acetic acid. In dilute solutions the precipitation 
does not take place till after the lapse of some time, 
but is promoted by stirring and gentle warming. 

3. AgN03 produces a yellow precipitate of Ag3P04, 
soluble in HNO3, ^^^ ^dso in (NH4)H0. 

4. Lead acetate produces a white precipitate of 
Pbg(P04)2, soluble in HNO3, but almost insoluble in 
acetic acid. 

5. Fcj^Clg, in presence of excess of sodium acetate. 
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produces a yellowish precipitate of FeP04, soluble in 
HCl, and in excess of FegCl^, which ought therefore to 
be added drop by drop,* 

6. Ammonium molybdate produces in solutions made 
acid with HNO3 a yellow coloration and ultimately a 
precipitate. The reaction is hastened by warming the 
mixture. 

The following acids of phosphorus are distinguished 
from each other and from ortho-phosphoric acid by the 
following reactions : — 

Pyrophosphoric Add, H4P2O7, c.w. 178. 

1. AgNOs produces a white precipitate of Ag4P207, 
soluble in HNO3, and in (NH4)H0. 

2. Albumen gives no precipitate. 
Metaphosphoric Add, HPO3, c.w. 80. 

1. AgN03 produces a white gelatinous precipitate 
of AgP03. 

2. Albumen produces a flocculent white precipitate 
when added to metaphosphoric acid, and the same 
precipitate when added to a solution of a metaphos- 
phate acidified with acetic acid. 

3. MgS04 + NH4CI + (NH4)H0 produces no pre- 
cipitate. 

* If the test be applied to an add solution of a phosphate insoluble in 
water {fi.e, Ca3^(P0^3 in HCl), the free acid is first nearly neutralized 
with (NH4)HO, sodium acetate next added, and then FeoClt ; after this 
the mixture b boiled. The precipitate, which is of a reddish brown colour, 
contains all the iron and phosphoric acid ; the filtrate contains the base. 
The phosphoric acid can easily be separated from the iron, and obtained 
a-i a soluble ammonium salt by treating the ferric phosphate with 
(NH4)aS. 
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K Boric Acid. B(H0)3, c.w. 62. 

1. BaClj produces a white precipitate of Ba(B02)s9 
soluble in acids. 

2. AgNOs produces in strong solutions a yellowish 
white precipitate. In dilute solutions AgjO is precipi- 
tated. 

3. H2SO4 or HCl, added to hot concentrated solu- 
tions of alkaline borates, produces on cooling a crys- 
talline precipitate of B(H0)3. 

4. If alcohol containing free boric acid be kindled, 
it burns with a green flame, best seen on stirring the 
mixture. Borates may be examined in this way by 
first adding strong H2SO4, to liberate the B(H0)8. 

5. If the solution of a borate be made distinctly acid 
with HCl, and turmeric paper dipped into it, the latter 
on gentle warming acquires a brown tint, which is 
turned blue by caustic soda. 

» 
100. Oxalic Acid. C2H2O4, c.w. 90. 

1. BaCl2 produces in neutral solutions a white pre- 
cipitate of C204Ba, soluble in HNO3, in HCl, and in 
C2H2O4. 

2. AgNOs produces a white precipitate of C204Ag2, 
soluble in HNO3, and in (NH4)H0. 

3. CaClj produces even in dilute solutions a white 
precipitate of C204Ca, soluble in HNO3, and in HCl, 
but nearly insoluble in (NH4)H0, and in acetic acid. 
On igniting C204Ca, a white residue of CaCOs is left, 
which effervesces on the addition of an acid. 

4. Heated with strong H2SO4, effervescence takes 
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place from the escape of a mixture of CO and COj, 
and the former may be kindled at the mouth of the 
test tube, and will bum with a pale blue flame. No 
blackening of the mixture occurs as in the case ot 
organic acids, which yield CO on heating with H2SO4. 

101. Hydrofluoric Acid. HF, c.w. 20. 

1. BaClj produces a white precipitate of BaF^, solu- 
ble in HCl, and sparingly in N H4CI. 

2. CaClj produces a gelatinous and almost trans- 
parent precipitate of CaFj, difficult to discern in the 
fluid, but made more apparent on addition of (NH4)H0. 
The precipitate is very difficultly soluble in HCl, even 
on boiling, and is nearly insoluble in acetic acid. 

3. Heated with H2SO4, all fluorides are decomposed 
with evolution of HF, which is recognized by its power 
of etching glass. (See A7.) 

This is best done by placing the fluoride in a plati- 
num crucible, or small leaden cup, along with strong 
H2SO4, and covering the mouth with a waxed watch- 
glass, convex side downwards, on which a few scratches 
have been made with a needle. The concave side of 
the watch-glass is filled with water to prevent the wax 
on the other side from melting, and the crucible or cup 
is then gently heated. On removing the glass and 
melting off the wax by gentle warming, the glass will 
be found etched at the unprotected parts.* 

* If the fluoride contain much silicia, SiF4 is evolved instead of HF, 
and is detected hy heating the substance with H^SO* in a test tube, and 
leading the evolved gas in^.o water. Silica will separate out in flocculeut 
tufts, and H^SiF^ will be found, in solution. 
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4. Heated with a mixture of borax and HKSO4, on 
a loop of platinum wire in the non-luminous gas flame, 
BF3 is produced, which momentarily colours the flame 
green. 

102. Carbonic Acid. HjCOg or H2O + CO2. 

1. BaClj produces in neutral solutions a white preci- 
pitate of BaCOs, soluble in acids with effervescence. 

2. Treated with dilute HCl, all carbonates at once 
evolve CO2 with eflfervescence, and if this gas be con- 
ducted into lime-water it produces a turbidity from 
formation of CaCOg. (The experiment may be conve- 
niently performed by placing the carbonate and dilute 
acid in one test tube and the lime-water in another. 
As soon as the CO2 has collected, it may be decanted 
into the lime-water tube — care being taken to pre- 
vent any liquid from being decanted with it — and on 
shaking the latter the lime-water will become turbid.) 

103. Silicic Acid. Si(H0)4, c.w. 96. 

1. BaCl2 produces a white precipitate of SiBa204, 
which is decomposed on addition of HCl, and Si(H0)4 
separates out as a gelatinous precipitate. 

2. HCl, added drop by drop to a strong solution of 
a silicate, produces a gelatinous precipitate of Si(H0)4, 
but if added to a dilute solution or in large excess, no 
precipitate is obtained until the mixture has been eva- 
porated to dryness and ignited, when Si02 separates 
out, and this is not re-dissolved on addition of HCl. 

3. Fused with NajCOg in a loop of platinum wire in 
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the non-luminous gas flame^ effervescence occurs from 
the disengagement of COg, and the bead is trans- 
parent on cooling, unless the Na2C03 be in -excess. 

4. Fused with microcosmic salt on a loop of platinum 
wire in the non-luminous gas flame, solution does not 
take place, but the silica floats about on the bead 
undissolved. 

104.. The remaining six acids of this group are preci- 
pitated or decomposed by one or other of the group 
reagents. for bases, and are therefore precipitated in the 
course of examination for bases, or expelled on the 
addition of HCl. The action of the base group- 
reagents is as follows : — 



a 

9 



< 



H2SO3 decomposed by HCl, with evolution of 

^ I H2S2O3 decomposed by HCl, with evolution of 
SO2 and separation of S. 

SHgAsOg precipitated by HjS as AsjSg (yellow). 
H3ASO4 „ ,y ), ,t 

HIO3 decomposed by H2S, with formation of 
an iodide and separation of S. 



V 9 

fcg 



HgCrO^ precipitated by (NH4)2S as Cr2(H0)e. 



o 

The following are additional tests for these acids : — 

105. Sulphurous Acid. H2SO3, c.w. 82. 
I. BaClj produces a white precipitate of BaSOs, 
soluble in HCL This solution, on addition of chlorine 



io6 PRACTICAL CHEMISTRY, 

water, yields a white precipitate of BaSO^, the sulphite 
being oxidized to sulphate. 

2. AgNOs produces a white precipitate of AggSOj, 
which darkens on heating, from precipitation of Ag. 

3. Added to a mixture of zinc and HCl, HjS is pro- 
duced and recognized by its smell and blackening 
action on paper moistened with solution of a lead 
salt. 

4. HgS decomposes free H2SO3 with separation of 
sulphur. 

106. Hyposulphurous Acid. HgSjOg, c.w. 114. 

1. BaCl2 produces a white precipitate of BaSgOs, 
soluble in HCl, with formation of sulphur as a yellow 
precipitate. 

2. HCl or H2SO4 produces no immediate preci- 
pitate, but on standing a short time sulphur is pre- 
cipitated (yellow), and simultaneously SO2 is evolved. 

3. AgNOg produces a white precipitate of Ag2S203, 
which rapidly darkens in colour and becomes ulti- 
mately black from formation of AgjS. These changes 
are hastened by heat 

4. FegClg produces a reddish coloration, but on 
heating it is decolorized, the ferric being reduced to 
ferrous chloride. 

107. Arsenious Acid. HgAsOg, c.w 126. 

I. AgNOg produces in neutral solutions a yellow 
precipitate of AggAsOg, soluble in (NH4)H0. If no 
precipitate appear at first owing to the solution not 
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being neutral, add a few drops of a very dilute solu- 
tion of (NH4)H0 until it appears. (See 75, 2.) 

2. MgS04 + NH4CI + (NH4)H0 produce no pre- 
cipitate. 

(See also reactions for Arsenic, 75.) 

108. Arsenic Acid. HgAsOi, c.w. 142. 

1. AgNOa produces in neutral solutions a light 
brown precipitate of Ag3As04. If necessary, add very 
dilute ammonia, as in the preceding case. 

2. MgSO* + NH4CI + (NH4)H0 produce a white 
precipitate of MgNH4As04. 

(See also reactions for Arsenic, 75.) 

109. Iodic Acid. HIO3, c.w. 176. 

1. BaCij produces a white precipitate of Bz.{l0^29 
soluble in HNO3. 

2. AgNOa produces a white crystalline precipitate 
of AglOa, readily soluble in (NH4)H0, but sparingly 
soluble in HNO3. 

3. SOj produces at first a precipitate of I, which 
is converted into HI on addition of excess of the 
re-agent. 

4. On heating, iodates are decomposed, oxygen 
being evolved, and in some cases iodine is also given 
off in violet vapours. 

110. Chromic Acid. H2Cr04, c.w. ii8'2. 

I. BaCig produces a yellow precipitate of BaCr04, 
soluble in HCl and HN03,but insoluble in acetic acid. 
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2. H2S in presence of HCl reduces the solution to 
CrgClg (green), with separation of S. In neutral solu- 
tions, Cr2(H0)(| is precipitated along with S. 

3. SO2 reduces solutions of chromates to the chromic 
salt, the colour of which is green. Chromates are 
likewise reduced by zinc and a dilute acid, by oxalic 
acid and dilute sulphuric acid, by strong H2SO4, by 
strong HCl, and by boiling the solution acidified with 
HCl or H2SO4 along with alcohol. 

4. AgNOa produces a dark red precipitate of 
AggCrO*, soluble in HNOj and in (NHJhO. 

5. Lead acetate produces a bright yellow precipitate 
of PbCr04, soluble in NaHO, but soluble with diffi- 
culty in dilute HNO3. 

(See also reactions for Chromium, 83.) 

Reactions of the Acids belox&ffinir to Group III. 

111. Acids precipitated by AgNO^, and not by 
BaClj. 

Hydrochloric^ Hydrobromic^HydriodiCi Hydrocyanic, 
Hypochloroos, Nitrous, and Hydrosnlphnric Acids. 

Hydrochloric Acid. HCl, c.w. 36*5. 

I. AgNOg produces a white curdy precipitate of 
AgCl, which becomes violet on exposure to light. 
The precipitate is insoluble in HNO3, but soluble in 
(NH4)HO, in KCN, in Na2S203, and also to some 
extent in NaCl. 
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2. Heated with H2SO4 and MnOg, chlorides yield 
chlorine gas, recognized by its smell, bleaching action, 
and green colour. 

3. Dry chlorides, when heated in a retort with 
H2SO4 and KgCrgOy, yield CrOgClg (chromium oxy- 
chloride), which distils over into the receiver as a 
dark red liquid, decomposed by addition of water or 
(NH4)H0, yielding a yellow solution, which, on addi- 
tion of a lead salt, gives a yellow precipitate of PbCr04. 

112. HYDROBROMIC ACID. HBr, C.W. 81. 

1. AgNOs produces a pale yellow precipitate of 
AgBr, insoluble in dilute HNO3, soluble in strong 
(NH4)H0, and readily in KCN and NaaSgOg. 

2. Chlorine passed through a solution of a bromide 
decomposes it with liberation of Br, which dissolves 
in the liquid and colours it yellow. If this solution be 
shaken up with ether, the bromine is dissolved by it, 
and the yellow ethereal solution floats above the liquid 
which becomes colourless. If the ethereal solution 
be then separated from the liquid, and NaHO be 
added, the yellow colour disappears, and NaBr and 
NaBrOg are produced. On evaporation and ignition, 
oxygen is evolved and NaBr alone remains, which 
may be tested as in 3. 

3. Heated with H2SO4 and MnOg, bromides yield 
red vapours of Br, recognized by its powerful odour. 

4. Heated in a retort with K2Cr207 and H2SO4, dry 
bromides yield dark red vapours, which condense in 
the receiver to a liquid of the same colour, which 
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consists of pure bromine, and is decolorized on adding 
excess of (NH4)H0. (Compare Hydrochloric Acid 
test, 111, 3.) 

113. Hydriodic Acid. HI,c.w. 128. 

1. AgNOa produces a pale yellow precipitate of 
Agl, insoluble in dilute HNO3, and very difficultly 
soluble in (NH4)H0, but readily in KCN and NajSjOj. 

2. Cuprous sulphate * produces a dirty-white pre- 
cipitate of Cujlj, which separates most completely if 
the solution be made slightly alkaline- with Na^COg. 
The reagent produces no precipitate in solutions of 
chlorides or bromides. 

3. KNOg produces no reaction in solutions of iodides 
until a few drops of HCl or H2SO4 are added, when 
iodine is at once liberated and colours the solution 
yellow. If a little starch solution be now added, a 
deep blue coloration results from the formation of 
starch iodide. On warming the blue liquid the colour 
disappears, but reappears on cooling. The produc- 
tion of blue starch iodide is the most characteristic 
test for iodine. 

4. Chlorine water (or the gas) liberates iodine 
from iodides, but excess of CI causes the formation of 
ICI3, which is colourless, and gives no blue coloration 
with starch solution. If therefore chlorine water be 
added drop by drop to a solution of an iodide mixed 
with starch solution, a blue coloration is produced, 

* Prepared by dissolving a mixture of two parts CUSO4 and five parts 
FeS04 in water, or by the action of SO9 on CuSOi. 
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which disappears on further addition of the re- 
agent. 

5. Free iodine (liberated by either of the above 
methods) is dissolved by CSj, forming a violet-coloured 
solution. If then, a solution of iodine be shaken up 
with CSj, the latter acquires a violet colour. Chloro- 
form may be substituted for CSj. * 

6. Heated with MnOj and dilute H2SO4, violet 
vapours of iodine are obtained, which colour paper 
moistened with starch, blue. 

114.. Hydrocyanic Acid. HCN, c.w. 27. 

1. AgNOg produces a white precipitate of AgCN, 
insoluble in HNO3, with difficulty in (NHJHO, but 
readily in KCN and NajSjOg. AgCN is decomposed 
on ignition, and metallic Ag remains ; this serves to 
distinguish it from AgCl, which is not decomposed on 
ignition. 

2. If a solution of FeS04, which has become oxi- 
dized by exposure to the air, be added to the solution 
of a cyanide made alkaline with NaHO, a bluish green 
precipitate is formed, which is a mixture of Prussian 
blue with the hydrated oxides of iron. On adding 
HCl, these last are dissolved, and the blue precipitate 
remains. 

3. HCl decomposes nearly all cyanides with evo- 
lution of HCN, recognized by its odour, resembling 
bitter almonds. If a cyanide be thus decomposed 
in a small porcelain basin, covered by a similar basin 
on which a drop of (NH4)2S2 (yellow) adheres, the 
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latter is converted into (NH4)CNS, which gives a 
blood-red coloration on addition of FcgClg and 
HCl. 

NOTK — Hg(CN)2 cannot be detected by the above 
methods. The dry substance is detected by igniting 
in a small tube, when cyanogen gas is evolved, or the 
solution is decomposed by HgS and filtered from the 
HgS ; the filtrate contains HCN. 

115. Hypochlorous Acid. HCIO, c.w. 52*5. 

1. AgNOg produces a white precipitate of AgCl. 

2. Pb(N03)2 produces a white precipitate, which 
changes in colour to red, and ultimately to brown from 
formation of PbOg. 

3. MnClg produces a dark brown precipitate of 
MnO{HO)2. 

4. Indigo and litmus solution are decolorized, espe- 
cially on addition of an acid. 

5. Dilute acids decompose hypochlorites with evolu- 
tion of CL HNO3 evolves HCIO from hypochlorites. 

116. Nitrous Acid. HNOg, c.w. 47. 

1. AgNOg produces a white precipitate of AgNOj, 
soluble in a large excess of water. 

2. HgS, in presence of acid, produces a precipitate 
of S, and (NH4)N03 remains in solution. 

3. FeS04, i^ presence of an acid, produces a black 
coloration from solution of NO in the FeS04. 

(See also 1I3, test 3.) 
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117. HYDROSULPHURIC Acid (Sulphuretted Hydro- 
gen). HjS, c.w. 34. 

1. AgNOa produces a black precipitate of Ag2S, 
insoluble in dilute acids. 

r 

2. Lead acetate, even when highly dilute, produces 
a black precipitate of PbS. 

3. Sodium nitro-prusside, in presence of NaHO, pro- 
duces a reddish violet coloration, even in very dilute 
solutions. The colour disappears in a short time. 

4. HCl or H2SO4 decomposes most sulphides with 
evolution of HjS, recognized by its disagreeable odour 
and by its blackening paper moistened with solution 
of lead. 

Reactions of the Acids belonsinff to Group IV. 

118. Acids not precipitated by any reagent. 

Nitric^ Chloric^ and Perchloric Acids. 

Nitric Acid. HNO3, cw. 63. 

I. Nitrates when heated evolve oxygen, and in some 
cases nitrous vapours also. On fusing a nitrate and 
adding a fragment of charcoal, vivid deflagration 
occurs. 

(For the reactions of Nitric Acid, see 22.) 

119. Chloric Acid. HCIO3, cw. 84-5. 

I. H2SO4 decomposes chlorates with evolution of 
CI2O4, a greenish yellow gas, having a powerful odour. 

I 
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If heated, violent explosions occur : the mixture ought 
therefore to be kept cold, and only very small quanti- 
ties should be used. 

2. When chlorates are heated, oxygen is evolved 
and a metallic chloride remains, which may be dis- 
solved in water and precipitated, as AgCl, by AgNOg. 
(See 5.) 

3. Indigo solution, if added to the solution of a 
chlorate, is decolorized on addition of H2SO4, and so- 
lution of NagSOj. 

4. HCl decomposes chlorates with evolution of CI 
and CI2O4, a mixture called euMorine. 

5. Heated with charcoal, chlorates deflagrate vio- 
lently. 

Perchloric Acid. HCIO4, c.w. 100*5. 

1. H2SO4 does not act upon perchlorates in the cold, 
and on heating white fumes of HCIO4 are given off but 
no explosions occur. (Compare 119, i.) 

2. KCl produces in strong solutions a white precipi- 
tate of KCIO4. 

3. Indigo solution is not decolorized when added to 
perchlorates mixed with HCl. 

4. Dry perchlorates evolve oxygen on heating. 

5. Anhydrous perchloric acid is a colourless fuming 
liquid, which explodes with great violence when dropped 
on wood charcoal {Roscoe,) 
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TABLE J. 
120. Detection of Znoriranie Acids in Miztvres. 

[The following adds are found in the examination for bases, which 
ought always to precede the examination for acids: — H^O^y H^CO^H^^ 
StiffO)4» I/aCr04, 1/3ASO3, and H^AsOp} 

(a) Acids in Soluble Bodies. 

X. Neutralize a portion of the solution with (NH4) HO and add BaQ^ 
(or Ba(N03)aif Ag,Hga, or Pb be present): precipitate indicates HaS04 
H3PO4. H3ASO3, H3ASO4, Si(HO)4, HaCr04, CKT, (5", T,* and 
laige quantities of B(HO)3 and HF. 

To precipitate, add water and then HQ : if a precipitate remair., 
Ha804 was present. 

2. To another portion of the neutralized solution add AgNOs: & 
precipitate indicates one or more of the following acids : — 

(a) HCl, H Br, H I, H C N. H4Fe(C NXs, H3Fe(CNXs, HaS. 

(*) H3PO4, H3 As O4. H3 As O3, HaCr04, Si(H0)4, B(H0)3, Ox,T, and 

CT. To the precipitate add cold dilute HNO3. Acids under (a) are in- 
soluble, those under {6) soluble. 



* ^x, Ci, and T are contractions for oxalic^ citric, and tartaric acid^ 
(For the further separation of these organic aoda^ see Tnblc K .) 

1 ^ 
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DBTBCTION OF ACIDS UNDER (tf). 

To a portion of the solution add 
starch paste and one drop of a solu- 
tion of NaOs in HaS04. Blue 
coloration indicates HI. Add now 
chlorine water till the blue colour 
disappears, and shake with chloro- 
form. If this becomes reddish 
brown in colour, the presence of 
HBr is indicated. HCl is de- 
tected in the presence of the others 
by boiling down the solution to 
dr3mess and distilling the resi- 
due with KaCraOj and H3SO4. 
(See HI; 3 ) 



DBTBCTION OF ACIDS UNDBH (^. 

Test separately for each acid by 
the methods already given. 

Separation of H3ASO3, H3ASO4, 

AND H3PO4. 

Addify solution with HCl, ad. I 
Na,S03, and heat until no smell of 
SOa is given off. Pass HaS through 
the hot solution, filter, and test for 
H3PO4 with ammonium molyb- 
date : yellow precipitate indicates 
H3 PO4. Precipitate another por- 
tion with magnesia mixture, and 
test both precipitate and filtrate for 
arsenic- 



TBST for THB RBMAINING ACIDS BY THB FOLLOWING REACTIONS 
GIVEN UNDER BACH ACID. 



For H C N by test 3, HA. 
For U4 Fe (C N)^ by tests 3 and 4, 

126. 
For H3Fe(CN)6, by tests a 

and 3, 127. 
For Ha S, by test 4, 117. 
•For H NO3, by tests ^and ^, 22. 
For H Q O3, by tests \ and 2, 

119. 



For 6x and HF, by Ca Qa + acetic 
acid. Confirm Ox by test 4, lOO, 
and HF by test 3, lOI. 

For B (H0)3, by tests 4 and 5, 99. 

ForSi(HO)4, by tests a and4, 103. 

For HaCr04, by tests 4 and 5, IXO. 

For HaSOs by test 3, 105, and 
smell of SOa on adding HCl. 

For CO3 by test a, 102. 



09) Acids In Insoluble Bodies. 

Some idea of the nature of the compound is generally obtained by 
the preliminary examination (Tables A and B). If not dissolved by the 

* If H I be present, it must first be removed by addition of Fe SO4 + 
CUSO4. (See 113; a.) 
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ordinary reagents, the substance must be fused with about four times its 
weight of a mixtiu% of NagCOa and K3CO3. When cold, extract the 
fused mass with water, and filter if necessary. The filtrate contains the 
add, and is neutralized with HQ or HNO3, and examined by the 
methods given under (a). 

The sulphates of barium, strontium, and calcium are decomposed by 
boiling with a concentrated solution of NagCOs. Filter, and examine 
the filtrate for the acid. 

Nitric acid and aqua regia oxidize sulphides to sulphates : hence the 
solution of a sulphide in these acids always contains HaS04. In such 
cases a separate portion of the substance must be examined for H3SO4 
by boiling with HCl, diluting with water, and then testing with BaClg. 
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121. GROUPING OP THE ORGANIC ACIDS. 

Group I. (Tartaric Acid Group). 
Group reagent, CaClj. 

Tttrtarie Acid lu&d Citric Acid (OxaUc Acid, see lOO). 

Acids which are precipitated by CaCl2 in the cold 
or on boiling. 

Group II. (Benzoic Acid Group). 
Group reagent, FejCl^j. 

Benxoic and Succinic Acids. 

Acids which are not precipitated by CaCl2, but 
which give precipitates with Fe2Cle in neutral solutions. 

Group III. 
Group reagent, AgNOg. 

Ferro-cyanic, Ferri-cyanic, Acetic and Formic Acids. 

Acids precipitated by AgNOs in neutral solutions, 
and not by CaCl2, or Fe2Cle. Acetates and Formates 
are only precipitated in concentrated solutions. 
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Reaetioiui of tbe Oriranic Acids belonsiny to Group I. 

{Tartaric Acid Group.) 

Acids precipitated by CaCl^ in the cold or on boiling. 



Tartaric and Citric Acids. 

122. Tartaric Acid. C4HQ0e. 

1. CaCl2 in neutral solutions produces a white pre- 
cipitate of C4H4CaOg, soluble in acids^ and in am- 
moniacal salts. The precipitate is soluble in KHO, 
but is re-precipitated when the solution is boiled, and 
on cooling is re-dissolved. 

2. KCl produces in solutions containing T in excess 
a white crystalline precipitate of C4H6KO(„ soluble in 
mineral acids and alkalies, insoluble in acetic acid. 
The precipitation is promoted by stirring, or by addi- 
tion of alcohol. 

3. Lime-water produces in neutral solutions a white 
precipitate C4H4Ca08 (flocculent at first, afterwards 
crystalHne), soluble in tartaric acid and NH4CI, but 
re-precipitated in crystals from these solutions after 
standing some time. 

4. AgNOa in neutral solutions produces a white 
precipitate of C4H4Ag2O0, soluble in HNO3 and in 
(NH4)H0. If the solution in (NH4)H0 be wanned 
in a test tube kept at a temperature of about 66° C. 
for some time, the glass becomes coated with a mirror 
of silver. 

5. Heated with H2SO4, the mixture darkens rapidly 
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from separation of carbon, and SO^ CO, and COg are 
evolved, 

6. Heated to redness, the substance darkens in colour 
and gives off the characteristic odour of burnt sugar. 

123. Citric Acid. CgHgOy. 

1. CaClj produces no precipitate in neutral solutions 
in the cold, but on boiling, Ca3(CeH507)s is precipitated, 
and is not soluble in KHO, but soluble in (NHJHO. 

2. Lime-water produces no precipitate in cold neutral 
solutions, but on boiling, Ca3(CeH507)2 is precipitated. 

3. AgNOa produces in neutral solutions a white floc- 
culent precipitate of CgHsAggOy, soluble in(NH4)H0 : 
this solution does not blacken on boiling. 

4. Heated with H2SO4, COj and CO are evolved 
without any darkening in colour ; on continued heat- 
ing, however, the mixture darkens, and SOj is evolved. 

5. Heated to redness, irritating fumes are given off, 
readily distinguished from those given off by heating 
the preceding acid. 

Reaetloiui of the Acids beloncinff to Group XZ. 

(Benxoie Acid Group.) 

124. Acids precipitated by FegCl^, and not by CaCl2. 

Bensoie and Succinic Acids. 

Benzoic Acid. CyH^Og. 

I. FcjClj produces, in neutral solutions, a buff- 
coloured precipitate of ferric benzoate, decomposed by 
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(NH4)HO with formation of a more basic benzoate 
and ammonium benzoate. Ferric benzoate is soluble 
in HCl with liberation of benzoic acid. 

2. Heated with H2SO4, benzoic acid does not 
blacken. 

3. Heated in an open tube, the acid sublimes in 
needle-shaped crystals, and an irritating vapour is 
given off When kindled, the crystals bum with a 
smoky flame. 

125. Succinic Acid. dfi^O^. 

1. Fe2Clj produces, in neutral solutions, a reddish 
brown bulky precipitate of ferric succinate, soluble in 
mineral acids, and decomposed by (NH4)H0 in a 
similar manner to ferric benzoate. 

2. Lead acetate produces a white precipitate of lead 
succinate, soluble in excess of the reagent and in 
HNO3. 

3. BaCl2, in presence of (NH4)H0 and alcohol, pro- 
duces a white precipitate of barium succinate ; this 
reaction serves to distinguish this acid from benzoic, 
which does not give a similar precipitate. 

4. Heated in an open tube, the acid sublimes in fine 
needles ; and when kindled, the crystals burn with a 
bluish but not smoky flame. 

R'eactlons of tbe Acids belonsinir to Group III. 

126. Acids precipitated by AgNOg, in strong neu- 
tral solutions. 
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Ferro-eyanic^ Feni-eyanie^ Acetic^ and Formic 

Acids. 

Ferro-cyanic Acid. H4Fe(CN)e. 

1. AgNOg produces a white precipitate of Ag4Fe(CN)g, 
insoluble in dilute HNO3 and in (NHJHO, but soluble 
in KCN. 

2. CUSO4 produces a reddish brown precipitate of 
Cu2Fe(CN)Q. 

3. FegCle produces a deep blue precipitate of Prus- 
sian blue, insoluble in dilute mineral acids, soluble in 
oxalic acid, and decomposed by NaHO with separa- 
tion of Fe2(H0)Q. 

4. FeS04 gives a light blue precipitate, which rapidly 
darkens in colour by oxidation. 

127. Ferri-cyanic Acid. HgFeCCN)^. 

1. AgNOg produces an orange-coloured precipitate 
of Ag3Fe(CN)g, insoluble in dilute HNO3, soluble in 
(NH4)H0 and KCN. 

2. FeS04 produces a blue precipitate of FegFejCCN)!, 
(Tumbuirs blue), insoluble in acids, but decomposed 
by alkalies. 

3. FcaClg produces no precipitate, but alters the 
colour to a greenish brown. 

128. Acetic Acid. C2H4O2. 

I. AgNOg produces, in neutral solutions, a white 
crystalline precipitate of CaH3Ag02,soluble in(NH4)H0 
and in hot water. 
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2. FcjClg, in neutral solutions, produces a deep red 
coloration. On boiling, all the iron separates as a light 
brown precipitate of basic acetate, and the fluid be- 
comes colourless. 

3. A strong solution heated with H2SO4 and alcohol 
yields acetic ether, recognized by its characteristic and 
pleasant odour. 

129. Formic Acid. CH2O2. 

1. AgNOg produces, in neutral concentrated solu- 
tions, a white precipitate of CHAgOg, which rapidly 
darkens, especially on heating, owing to separation of 

Ag. 

2. Fe2Cle produces a similar reaction with formates 
as with acetates. 

3. Hg2(N03)2 produces a white precipitate of the 
formate of mercury, which, however, soon becomes 
grey from separation of Hg. 

4. Heated with H2SO4, CO is evolved, and, if lighted, 
burns with a blue flame. 

130. Higher fatty acid. 

Stearic Acid. CigHgeOg. 

I. Heated with alkalies a soap is formed. Thus, 
with NaHO sodium stearate is formed, which dissolves 
in warm water and the glycerine separates. Soaps are 
decomposed by acids, which unite with the base, and 
the fat separates and may be dissolved in alcohol. 
From this solution the fat crystallizes in needles. 
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TESTS FOR ORGANIC ALKALOIDS AND 
CERTAIN OTHER ORGANIC BODIES. 

131. Morphine. C17H19NO3 (Opium).* 

1. KHO and (NH4)HO precipitate morphia from its 
salts, rea^y soluble in excess of KHO^ less readily in 
excess of (NH4)HO. 

2. Concentrated HNO3, added to powdered morphia 
or its salts, produces an orange red coloration, changing 
afterwards to yellow. The reaction is best seen on a 
porcelain crucible lid. Addition of SnCl2 or of Na2S203 
destroys the colour. 

3. A neutral solution of Y^jZX^ produces, when added 
to morphia (either in the dry state or in solution), a 
deep blue colour. 

4. HIO3, when added either to free or combined 
morphia, is decomposed with liberation of I, which 
colours the liquid brown. Starch paper added to the 
solution becomes blue. Addition of (NH4)H0 deepens 
the brown colour. 

5. H2SO4 produces no coloration with morphia or 
its salts, but" on adding a crystal of KgCrgO; a bright 
green colour is produced. 

I3fl. Meconic Acid, C^Y{fi,j (Opium). 

I. Fe2Clg produces a deep red coloration, which does 
not alter on boiling (like ferric acetate), nor on treat- 
ment with HgCla (like iron sulphocyanide). 

* These names refer to the suhsUinces from which the alkaloids, &c 
are derived. 
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2. Lead acetate produces a white precipitate of lead 
meconate, insoluble in acetic acid. 

Opium Solutions : — 

Opium contains both morphia and meconic acid ; 
hence, in examining solutions of opium, the reactions of 
both these substances are obtained. The reaction of 
Fe2Cl8 with meconic acid is highly characteristic, and 
as meconic acid only occurs in opium, its detection in 
solutions of opium serves as an indirect indication of 
the presence of morphia. The two substances are 
separated by precipitating with lead acetate in pre- 
sence of acetic acid, and filtering from the lead 
meconate obtained. The filtrate contains acetate of 
morphia. If the lead meconate be washed thoroughly 
and then suspended in water and HgS passed through, 
PbS is precipitated, and meconic acid remains in solu- 
tion and may be obtained in crystals by evaporation. 

133. Strychnine. C2iH22N30a (Strychnos nux 
vomica and St. Ignatius' bean). 

I. Strong pure H2SO4 dissolves strychnine without 
any discoloration of the solution, even when heated to 
100° C. This solution produces certain characteristic 
colours, with the following reagents : — 

{a) PbOg, blue coloration, changing to violet, then 
red, and finally yellow. 

(b) YijZv20>j, blue coloration, changing soon to yel- 
lowish red. 

{c) K4Fe(CN)g, violet coloration, changing less 
quickly. 
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(d) MnOg, violet coloration changing to dark red. 

2. Strong HNO3 dissolves strychnine without dis- 
coloration unless heated, when the solution becomes 
yellow. 

3. The taste of strychnine is intensely bitter, and is 
perceptible even in very dilute solutions. 

4. Strychnine, when taken in poisonous doses, pro- 
duces tetanic convulsions. A most characteristic test, 
founded on this property, consists in injecting a trace 
of strychnine under the skin of a young frog, which is 
soon seized with tetanic convulsions, the body becomes 
rigid and arched, and the animal soon dies. 

134. BruCINE. C23H26N2O4 + 4 HgO (Strychnos 
nux vomica and St. Ignatius' bean). 

I. HNO3, when added to brucine, dissolves it, and 
produces an intense red coloration, which becomes 
yellow on heating. If SnClg, Na2S203 or (NH4)2S be 
then added, the colour changes to violet. (Compare 
corresponding reaction with Morphia, 131, 2.) 

135. Quinine. C20H24N2O2 (Cinchona Bark). 

1. Chlorine water, when added to an acid solution 
of quinine or its salts, produces no coloration until 
(NH4)H0 is added, when a bright green colour is pro- 
duced. If K4Fe(CN)e be added before the (NH4)H0, 
a red coloration is produced, soon changing to dirty 
brown. 

2. KHO or (NH4)H0 produces, in solutions of qui- 
nine salts, a white amorphous precipitate of quinine. 
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which, on standing, becomes crystalline. The precipi- 
tate is scarcely soluble in KHO, but slightly soluble 
in (NH4)H0. If a mixture of a quinine solution and 
(NH4)H0 be shaken up with ether, the precipitated 
quinine is dissolved. (Compare test 2 for Cinchonine, 
136.) 

3. Solutions of quinine or its salts are fluorescent 
in a high degree, and possess an extremely bitter 
taste. 

136. Cinchonine. C20H24N2O (Cinchona Bark). 

1. Chlorine water produces no coloration, even on 
addition of (NH4)H0, which produces a yellowish 
precipitate. 

2. KHO or (NH4)H0 produces, in solutions of cin- 
chonine salts, a white amorphous precipitate of cin- 
chonine, insoluble in excess, and not dissolved when 
shaken up with ether. (Compare test 2 for Quinine, 

135.) 

3. Solutions of cinchonine have a bitter taste and an 
alkaline reaction. The salts are less soluble in water 
and alcohol than those of quinine. 

137. Uric Acid. C6H4N4O3 (Urine). 

1. HNO3 dissolves uric acid with effervescence, and 
the solution when evaporated to dryness and moistened 
with (NH4)H0 assumes a bright purple colour (mur- 
exide). 

2. NajCOg solution dissolves uric acid. If this solu- 
tion be placed on paper moistened with AgN03 solu- 
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tion, a brown stain is produced, owing to the reducing 
action of the uric acid. 



138. Urea, CH4N2O (Urine). 

1. HNO3, when added to solutions of urea, unites 
with it, forming the nitrate, which separates out in 
crystalline plates, which are tolerably soluble in hot 
water and alcohol, but nearly insoluble in HNOj. 

2. KHO added to urea decomposes it on heating, 
and NH3 is evolved. 

139. Cholesterine. Z^^ifi (Biliary Calculi). 

1. KHO does not saponify cholesterine, although in 
many of its properties it resembles oils and fats. 

2. Boiling alcohol dissolves cholesterine, and on 
cooling it crystallizes out in colourless plates. 

140. Grape Sugar. QHjjOb (Fruit, Honey, Dia- 
betic Urine, &c.). 

1. H2SO4 forms with grape sugar a definite com- 
pound of a yellow colour. No charring occurs as in 
the case of cane sugar. 

2. Solution of grape sugar, when mixed with a few 
drops of CUSO4 and excess of KHO, produces on 
boiling a red precipitate (CUjO), caused by the re- 
ducing action of the grape sugar. Solution of cane 
sugar does not give this reaction until boiled with a 
single drop of H2SO4, which converts it into grape 
sugar. 
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141. Albumin (White of Egg.) 

1. Boiling water causes albumin to coagulate and it 
becomes at the same time insoluble, so that if a solu- 
tion in cold water be heated, coagulation at once takes 
place. 

2. Hg CI2 coagulates albumin, even when present in 
exceedingly small quantities. Coagulation also takes 
place with solutions of other salts, e,g, CUSO4, SnCl„ 
AgNOj. 

I4fl. Starch. QHioOg (Potato, Wheat, &c). See 
43, b. 

143. Tannic Acid. CnHtfirt (Gall-nuts). 

1. Solution of gelatin (isinglass) produces a yellowish 
flocculent precipitate. A piece of animal membrane 
gives the same precipitate. 

2. FesCl^, produces a dark bluish black precipitate 
(ink). 

144. Gallic Acid. CyHgOg (Gall-nuts). 

1. Solution of gelatin produces no precipitate. 

2. FesClg produces in neutral solutions a bluish 
black precipitate. 

143. Detection of Carbon, Hydrogen, and Nitro- 
gen in Organic Bodies ; — 

{a) Carbon. — Mix the substance intimately with 
powdered CuO, place in a hard glass tube, fill up with 
small pieces of CuO, and close the tube with a cork 

K 
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through which a conducting tube passes into a flask 
containing clear lime-water. On heating, the carbon 
is oxidized to CO2, which renders the lime-water 
turbid. Organic liquids are examined in a similar way : 
they are placed in a small bulb-tube which is placed 
inside a hard glass tube and gently heated as soon as 
the CuO in front is red-hot. In this way the vapour 
passes over the CuO, and CO2 is produced. 

{b) Hydrogen. — Proceed as in a (taking care to use 
perfectly dry CuO), but connect the conducting tube 
with a weighed CaClg tube. Heat the hard glass tube 
as before, and then weigh the CaClj tube. Gain in 
weight indicates that water has been formed by the 
oxidation of the hydrogen in the substance. When 
much water is present, it is visible in the bulb of the 
CaCl2 tube. 

{c) Nitrogen. — Mix the substance intimately with 
powdered soda-lime, and observe if NHs is given off 
on heating. Ascertain this by the smell and by the 
action on red litmus paper. 
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PART V. 
REACTIONS OF THE RARE METALS. 

147. The following rare metals are considered here 
by themselves, and their position in the various groups 
indicated. For their separation from each other and 
from the commonly occurring metals, a larger manual 
must be consulted. 

Tungsten, Thallium, Palladium, Rhodium, Os- 
mium, Ruthenium, Gold, Platinum, Iridium, Molyb- 
denum, Selenium,* Tellurium, Uranium, Indium, 
Beryllium, Zirconium, Cerium, Lanthanum, Didy- 
mium. Titanium, Tantallum, Vanadium, Lithium, 
Caesium, Rubidium. 

* Seleaium, although a metall )id, is conveniently included here. 
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GroupinfiT of the Rare Metala. 

148. Precipitated in Silver Group. 
Tungsten (as Tungstic Acid), Thallium (as Chloride). 

Precipitated in Copper Group. 
Palladium, Rhodium, Osmium, Ruthenium. 

Precipitated in Arsenic Group. 

Gold, Platinum, Iridium, Molybdenum, Tellurium, 
Selenium. 

Precipitated in Iron Group. 

Uranium, Indium (Thallium), €ls sulphides; Beiyl- 
Hum, Zirconium, Cerium, Lanthanum, Didymium, 
Titanium, Tantalum, as hydrated oxides. 

Precipitated as Sulphides on adding HQ to 

THE filtrate FROM THE IRON GROUP. 
Vanadium (Tungsten). 

• Found in Potassium Group. 

Lithium, Caesium, Rubidium. 
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Reaetiona of the Rare Metala of the Silver Group. 

149. Tungsten. W, c.w. 184. 

1. HCl produces a white precipitate of Tungfstic 
acid HjW04, insoluble in excess, but soluble in 
(NH4)H0. HjS04 or HNO3 produces the same pre- 
cipitate. 

2. (N 114)28 does not precipitate tungstates of the 
alkalies, until an acid be added, when tungsten tri- 
sulphide WS3 is precipitated as a light brown powder. 

3. K4Fe(CN)e in acid solutions yields a reddish 
brown coloration, and on standing, a precipitate of the 
same colour. 

4. SnCl2 produces a yellow precipitate. On adding 
HCl and heating, the precipitate becomes blue. 

5. Zn in presence of phosphoric acid produces a 
bright blue colour. 

6. With microcosmic salt in the reducing flame a 
blue bead is obtained, which changes to red on heating 
with FeS04. 

150. Thallium. T1, c.w. 204. 

1. HCl in strong solutions produces a white precipi- 
tate of TlCl, soluble in a large quantity of water. 

2. (NH4)2S produces a black precipitate of TI2S, 
insoluble in (NH4)H0, but soluble in HCl, H2SO4, 
and HNO3. 

3. KI precipitates Tl I (yellow) even in dilute solu- 
tions. 

4. PtQ4 precipitates a double chloride of thallium 
and potassium Tl2PtClo of an orange colour. 
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5. Zn added to thallium solutions precipitates the 
metal. 

6. Thallium salts colour the lamp flame intensely 
green. 

Reactions of tbe Rare Metals of tbe Copper Gronp. 

151. Palladium. Pd, c.w. io6*6. 

1. HgS precipitates PdS as a black powder, inso- 
luble in (NHJjS, and soluble in boiling HCl and 
aqua regia. 

2. Hg(CN)2 precipitates palladium cyanide, Pd(CN}2, 
yellowish white and gelatinous, soluble in (NH4)HO 

and in HCl. 

3. Kl produces a black precipitate of Pdl2. 

4. KCl in strong solutions precipitates KgPdCle in 
yellow needles, insoluble in absolute alcohol, but 
soluble in water, forming a dark-red fluid. 

152. Rhodium. Rh, c.w. 104*4. 

1. HjS precipitates RhjSa (brown), especially in 
warm solutions ; it is insoluble in (NH4)3S, but solubte 

in hot HNO3. 

2. KHO produces a yellowish precipitate of Rh(H0)3 
H2O, soluble in excess of the reagent ; on boiling the 
solution, brown Rh{HO)3 is precipitated. 

3. Zn produces a precipitate of metallic rhodium. 

4. Dry compounds when ignited in a current of hy- 
drogen are reduced to metal, insoluble in aqua regia, 
but soluble on fusing with HKSO4. 
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IAS. Osmium. Os, c.w. 199*2. 

1. H2S in presence of acid precipitates OsS (brown- 
ish black), insoluble in (NH4)2S. 

2. OSO4 (osmic acid) decolorizes indigo solution. 

3. KI is decomposed with liberation of iodine. 

4. Na2S03 yields a violet coloration, and after a time 
OsSOj (deep blue) separates out 

5. FeS04 precipitates black OsO^. 

6. Zn in presence of acids precipitates the metal. 

7. Dry compounds when ignited in a current of hy- 
drogen are reduced to metal. 

8. The metal and the mono- and di-oxides, when 
heated in air, yield OSO4, which is recognized by its 
peculiar irritating smell (resembling chlorine). This 
is an exceedingly characteristic reaction. 

154. Ruthenium. Ru, c.w. 104*4. 

1. HgS produces no immediate precipitate, but on 
standing, the solution turns blue, and brown Ru^Sj is 
precipitated. 

2. (NH4)2S precipitates RU2S3, difficultly soluble in 
excess. 

3. KHO precipitates black sesquioxide Ru(H0)3, 
insoluble in excess, but soluble in acids. 

4. KCNS in pure solutions produces on standing, a 
red coloration, which becomes first purple, and then 
on heating violet 

5. Zn produces a blue coloration, and ultimately the 
metal separates out 
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Reactions of the Rare Metals of the Arsenie Group. 

lAA. Gold. Au, cw. 197. 

1. H^S produces in cold solutions black Au^Sj, in 
hot solutions brown AujS. Both precipitates are in- 
soluble in HNOs and in HCl, but dissolve in aqua 
regia. They dissolve in yellow, but not in colourless 
ammonium sulphide. 

2. (NH4)sS produces a black precipitate of Au^Sj. 

3. (NH4)H0 in strong solutions precipitates ammo- 
nium aurate (fulminating gold;. 

4. FeS04 produces a precipitate of the metal, as a 
brown powder, which, when rubbed, assumes a yellow 
colour and metallic lustre. 

5. KNO2 also produces a precipitate of the metal. 

6. SnClg -|- SnCl4 produce a purplish precipitate 
(purple of Cassius) even in highly dilute solutions ; the 
precipitate is insoluble in HCl. 

7. Heated on charcoal with NajCOa before the blow- 
pipe, malleable yellow beads of the metal are ob- 
tained. (See also flame reaction, 69.) 

156. Platinum. Pt, cw. i97'5. 

1. H)S produces in cold solutions on standing, brown 
PtSg ; on heating, the precipitate forms at once. It is 
soluble in a large excess of yellow ammonium sulphide ; 
it is insoluble in HCl and in HNO3, but soluble in 
aqua regia. 

2. (NH4)2S produces the same precipitate as HgS. 
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3. NH4CI produces a yellow crystalline precipitate 
of (NHJ^PtCle, more sparingly soluble in alcohol than 
in water. On heating the dried precipitate, metallic 
platinum is left in a finely divided state. 

4. KCl produces a yellow crystalline precipitate of 
KjPtClg, also more insoluble in alcohol than in water. 
On heating the dried precipitate^ a mixture of Pt and 
KCl is obtained. 

5. SnCl2 produces no precipitate, but, in solutions 
containing HCl in excess, yields a dark brown colora- 
tion due to the formation of dichloride. 

6. FeS04 on long-continued boiling produces a pre- 
cipitate of the metal. 

7. Fused on charcoal with Na^COg before the 
blow-pipe flame, yields the metal as an infusible grey 
powder. (See also flame reaction, 59.) 

157. Iridium. Ir, c.w. 198. 

1. H2S first removes the colour and sulphur sepa- 
rates out ; afterwards brown iridium sulphide is pre- 
cipitated. 

2. (N 114)28 produces the same precipitate, soluble 
in excess. 

3. KCl produces a dark brown precipitate of KalrCl^, 
insoluble in a concentrated solution of the reagent. 

4. NH4CI produces a dark red precipitate of (NH4), 
IrCl«. 

5. FeS04 decolorizes solutions of iridium, but pro- 
duces no precipitate. 

6. Zn precipitates the metal as a black powder. 
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158. Molybdenum. Mo, c.w. 96. 

1. HgS precipitates in warm solutions, after some 
time, brownish black M0S3, soluble in (NH4)2S. 

2. Zn, in acid solutions, produces a blue coloration, 
which changes to g^een, and lastly to black, when 
M02O3 separates out. 

3. KCNS, when added to an HCl solution, produces 
on addition of Zn a crimson coloration. 

4. Na2HP04 produces, in a nitric acid solution of 
ammonium molybdate, a yellow precipitate (in dilute 
solutions only after the lapse of some time). The pre- 
cipitation is aided by gentle heating. 

159. Tellurium. Te, c.w. 129. 

1. HgS produces, in presence of acid, a brown pre- 
cipitate of TeSg, easily soluble in (NH4)2S. 

2. H2O produces a white precipitate of HjTeOg. 

3. KHO or Na2C0^, when added to an HCl solu- 
tion, produces a white precipitate of HgTeOg, soluble 
in excess of either reagent. 

4. NajSOg or SnCIj produces a black precipitate of 
the metal. 

5. Zn precipitates the metal as a black powder. 

6. Fused with NajCOg, yields NajTe, which, on 
treatment with HCl, yields H2Te, recognized by its 
very disagreeable odour. 

160. Selenium. Se, cw. 795. 

I. HjS produces, in presence of acid, a yellow pre- 
cipitate of doubtful composition, which darkens in 
colour on heating, and is soluble in (NH4)2S. 
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2. BaCl2 produces a white precipitate of BaSe, 
soluble in HCL 

3. SOg and SnCl, produce in acid solutions a red 
precipitate of Se. 

4. Heated in the reducing flame on charcoal, selenium 
compounds yield a highly characteristic smell, resem- 
bling that of horse-radish. 



Reactions of the Rare Metals of the Iron Oronp. 

161. Uranium. U, c.w. 120. 

1. (N 114)28 produces a brown precipitate of oxysul- 
phide, soluble in colourless ammonium sulphide to a 
black liquid. 

2. Alkalies produce a yellow precipitate of hydrated 
oxide, insoluble in excess of the reagent. 

3. (NH4)2C03 produces a precipitate of the double 
carbonate of uranium and ammonium, soluble in excess 
of the reagent. 

4. BaCOg produces a precipitate of hydrated oxide 
in cold solutions. 

5. K4Fe(CN)8 produces a reddish brown precipitate. 

6. Fused with borax in the reducing flame, uranium 
compounds yield pale g^een beads. 

I6fi. Indium. In, c.w. 113. 

I. (N 114)28, in presence of (NH4)H0 and tartaric acid, 
produces a white precipitate, which turns yellow on 
addition of acetic acid. 
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2. Alkalies produce a precipitate of the hydrate, in- 
soluble in excess of the reagent 

3. Alkaline carbonates precipitate the carbonate, 
soluble in excess of (NH4)2C03, but not in excess of 
KgCOg or NajCOg. 

4. BaCOs precipitates solutions of indium com- 
pletely. 

5. K4Fe(CN)e produces a white precipitate. 

6. Zn precipitates the metal in shining plates. 

7. Heated with NajCOg in the reducing blow-pipe 
flame, metallic beads are obtained. 

8. Indium compounds impart a bluish violet tinge 
to the flame. 

163. Beryllium. Be, c.w. 9-3. 

1. (N 114)25 precipitates the hydrate (flocculent) like 
alumina in appearance, but differs from it in dis- 
solving on continued boiling with NH4CI. Beryllium 
chloride is formed and ammonia is driven off. 

2. KHO precipitates the hydrate, soluble in excess. 
If this solution be diluted and well boiled, the beryl- 
lium hydrate is re-precipitated. ^ 

3. NajCOg precipitates the carbonate (white), soluble 
in a large excess. 

4. (NH4)2C03 precipitates the carbonate (white), 
easily soluble in excess of the reagent. 

5. BaCOs in cold solutions precipitates the beryl- 
lium completely. 

164. Zirconium, Zr, c.w. 89-6. 

I. (N 114)28 produces a precipitate of hydrate, in- 
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soluble in excess. KHO and (NH4)HO produce the 
same precipitate, insoluble in excess of these reagents. 

2. Alkaline carbonates precipitate the carbonate as 
a flocculent powder, soluble in a large excess of K2CO3 
and in a small excess of (N 114)2003. From this latter 
solution the hydrate is re-precipitated on boiling. 

5. BaCOs does not precipitate zirconium completely, 
even on boiling. 

165. Cerium. Ce, c.w. 92. 

1. (NH4)HO produces a precipitate of a basic salt, 
insoluble in excess. 

2. KHO produces a precipitate of the white hydrate, 
insoluble in excess of the reagent. The precipitate 
becomes yellow on exposure to the air. 

3. (NH4)3C03 produces a white precipitate, soluble 
in excess of the reagent 

4. C2H2O4 precipitates cerous oxalate, insoluble in 
excess, but soluble in HCl. 

5. BaCOg precipitates cerium completely after the 
lapse of some time. 

6. Chlorine, passed through a solution mixed with 
sodium acetate, precipitates the peroxide (light yellow). 

166. Lanthanum. La, c.w. 92. 

1. (NH4)HO produces -a precipitate of a basic salt. 

2. KHO precipitates the hydrate (white), which does 
not alter on exposure to air. 

3. (NH4)2C03 produces a precipitate, insoluble in 
excess of the reagent. 
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4. C2H2O4 precipitates the oxalate, insoluble in ex- 
cess, but soluble in HCl. 

167. DiDYMIUM. D, C.w. 95. 

1. (NH4)H0 produces a precipitate of a basic, salt, 
insoluble in excess of the reagent, but sparingly soluble 
in NH4CI. 

2. KHO precipitates the hydrate (white), which does 
not alter on exposure to air. 

3. (NH4)2C03 produces a white precipitate, insoluble 
in excess of the reagent, but soluble in NH4CL 

4. C2H2O4 produces an almost complete precipitation 
of the oxalate, soluble in hot HQ. 

5. Fused vrith microcosmic salt in the reducing 
flame, a reddish \noIet bead is obtained. 

6. Fused with carbonate of soda in the oxidizing 
flame, greyish white beads are obtained. 

les. Titanium. Ti, c.w. 50. 

1. (NH4)H0 or (NH4)2S precipitates HjTiOs (ti- 
tanic ac^d), insoluble in excess of either reagent 

2. KHO also precipitates HjTiOg, insoluble in 
excess. 

3. BaCOs produces the same precipitate. 

4. Na2S203 when boiled with titanium solutions pre- 
cipitates them completely. 

5. Zn produces, first a blue coloration, then a blue 
precipitate, which ultimately becomes white. 

6. Fused with FeS04 and microcosmic salt in the 
reducing flame, a bright red bead is obtained. 
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KMtctlOBa of the Rare Metals precipitated as 
Sulphides OB adding HCl to the filtrate tKtxm, 
the Iron Orovp. 

169. Vanadium. V, c.w. 51*3. 

1. H|S produces no precipitate in acid solutions, but 
a blue coloration by reducing to a lower oxide. 

2. (N 114)28 produces in a solution containing H2SO4 
a brown precipitate of the sulphide, soluble in excess 
of the reagent 

3. NH4CI in solutions of alkaline vanadates, pre- 
cipitates the metal completely as anmionium meta- 
vanadate (white). This precipitate loses ammonia on 
heating, and leaves a residue of VgOg. 

4. K4Fe(CN)g produces, in acid solutions, a green 
precipitate, not dissolved by acids. 

5. SO2, or oxalic acid, reduces acid solutions of 
VjOfi to a lower oxide of vanadium, of a blight blue 
colour. 

6. Zn, added to a solution of V2O5 in H2SO4 
(diluted with HjO), produces a series of changes in 
colour, and ultimately a violet solution is obtained, 
which rapidly becomes brown in air by oxidation. 

Reactions of the Rare Metals foiu&d in Potassixni 

Oronp. 

170. Lithium. Li, c.w. 7. 

1. Pt.Cl4 produces no precipitate. 

2. Na2HP04 produces, on boiling the solution, a 
white precipitate of 2 Li3P04 + HjOT The precipitate 
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is soluble in HQ, and is not re-precipitated by (NH4}H0 
unless the solution be boiled. 

3. Lithium compounds tinge the lamp flame bright 
crimson. 

171. CESIUM. Cae, c.w. 133. 

1. PtCl4 produces a crystalline light yellow precipi- 
tate of 2(CaeCl) + PtCl4, insoluble in boiling water. 
(The corresponding potassium salt is dissolved by 
repeated treatment with boiling water.) 

2. Tartaric acid produces a precipitate of the acid 
tartrate of caesium, more soluble in water than the cor- 
responding compound of rubidium. 

3. Volatile caesium salts colour the flame violet. 

172. Rubidium. Rb, c.w. 85*4. 

1. PtCl4 produces a crystalline light yellow precipi- 
tate of 2 (RbCl) + PtCl4, insoluble in boiling water. 

2. Tartaric acid produces a precipitate of the acid 
tartrate of rubidium, which is much more insoluble in 
water than the corresponding caesium compound. 

3. Volatile salts of rubidium colour the flame 
violet. 



APPENDIX. 

• 

TABLE OF THE ELEMENTS, WITH THEIR 
SYMBOLS AND COMBINING WEIGHTS. 

Kteincn t. Symbol. WeishL 

Aluminium Al 27*4 

Antimony Sb 122 

Arsenic As 75 

Barium Ba 137 

Beryllium Be 9^ 

Bismuth Bi 210 

Boron .« B ...... li 

Bromine Br 80 

Cadmium Cd 112 

Caesium Cs 133 

Calcium Ca 40 

Carbon C 12 

Cerium Ce 92 

Chlorine CI 35-5 

Chromium Cr S^'^ 

Cobalt Co ^ . 587 

Copper Cu . . . . . 63*5 

Didymium D 9S 

Erbium E ii2*6 

L 2 
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Element. Symbol. ^W^L* 

Fluorine F 19 

Gold Au 197 

Hydrogen H i 

Indium In 113 

Iodine I ...... 127 

Iridium Ir 198 

Iron Fe 56 

Lanthanum La 92 

Lead Pb 207 

Lithium Li 7 

Magnesium Mg 24 

Manganese Mn 55 

Mercury Hg 200 

Molybdenum Mo 96 

Nickel Ni 587 

Niobium Nb 94 

Nitrogen N 14 

Osmium Os 199*2 

Oxygen O 16 

Palladium Pd io6'6 

Phosphorus P 31 

Platinum Pt '97*5 

Potassium K 39*1 

Rhodium ...... Rh IQ4'4 

Rubidium Rb 85*4 

Ruthenium Ru 104*4 

Selenium Se 79*5 

Silver Ag . . . . .108 
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Element Symbol ^t^L* 

Silicon Si 28 

Sodium Na 23 

Strontium Sr 87*5 

Sulphur S 32 

Tantalum Ta 192 

Tellurium Te 129 

Thallium Tl 204 

Thorium Th 231*5 

Tin Sn 118 

Titanium Ti 50 

Tungsten W 184 

Uranium U 120 

Vanadium V 51*3 

Yttrium Y 6r6 

Zinc Zn 65*2 

Zirconium Zr 89*6 



QUESTIONS AND EXERCISES. 

B, {a) How many grams of oxygen can be obtained 
by heating i,o8o grams of mercuric oxide ? 

{d) Twenty-four grams of oxygen are required ; how 
much mercuric oxide must be heated ? 

Ai (a) What is left when potassium chlorate is 
heated ? 

{6) How many grams of potassium chlorate must 
be heated in order to yield 500 grams oxygen ? 

(r) How much potassium chloride will remain after 
heating 247 grams potassium chlorate ? 

5. How is potassium chlorate distinguished from 
potassium chloride ? 

6. {a) Describe the best means of preparing 
oxygen ? 

{d) The residue in a flask used to prepare oxygen, 
consisted of 13 grams of potassium chloride ; how 
much chlorate had been heated, and how much 
oxygen evolved? 

{c) Why is manganese dioxide mixed with potassium 
chlorate in preparing oxygen ? 
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8. {a) What happens when a taper is burned in 
oxygen ? 

{b) How is the presence of carbon dioxide generally 
ascertained ? 

•. (a) I *4 g^ram of charcoal containing 96 per cent, 
of carbon is burnt in oxygen; how much carbon 
dioxide is produced ? 

{b) Contrast the burning of a candle with the breath- 
ing of an animal in air. 

10. How much oxygen is required to bum 42 grams 
of sulphur to sulphur dioxide ? 

11. How much phosphoric anhydride can be ob- 
tained by burning 2*34 grams phosphorus in oxygen, 
and how much phosphoric acid would be obtained by 
dissolving the anhydride in water ? 

18. (fl) How much hydrogen can be got by dis- 
solving 15 ounces of zinc in sulphuric acid ? 

{b) Which will yield the greater quantity of hydro- 
gen when dissolved in acids — 162 grams zinc, or 140 
grams iron ? Why ? 

14. How much water will be formed by burning all 
the hydrogen evolved by dissolving 3*42 grams zinc 
in sulphuric acid ? 

15. How much zinc sulphate should be got by dis- 
solving I lb. zinc in sulphuric acid ? 

19. How is nitrogen prepared ? 

Al. One hundred gprams of potassium nitrate are 
heated with sulphuric acid ; how much nitric acid and 
hydrogen potassium sulphate will be obtained ? 
What are the best tests for nitric acid ? 
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(a) How is ammonia gas prepared, and what is 
the residue from its preparation ? 

{p) How much ammonium chloride must be used to 
obtain 291 grams ammonia gas ? 

A5. How is ammonia tested for ? 

A7. {(i) How is ammonium nitrate prepared ? 

{fi) How much ammonium nitrate can be got from 
327 grams of nitric acid ? 

A8. How much nitrous oxide can be obtained from 
437 gr^ims of ammonium nitrate ? 

A9. How can nitrous oxide be distinguished from 
oxygen ? 

80. If 7 grams of copper be acted on with nitric 
acid, how much nitric oxide will be obtained, and how 
much copper nitrate will remain ? 

31. Mention some of the properties of nitric oxide. 

3fl. (a) How is carbon dioxide prepared from 
marble ? 

{b) How much hydrochloric acid will be needed 
exactly to decompose a kilogram of marble ? 

33. What reaction takes place when carbon dioxide 
and lime-water are brought together ? Give the equa- 
tion. 

3^ (d) How is carbon monoxide prepared from 
formic acid, and from oxalic acid ? 

if) How much carbon monoxide should be obtained 
from 12 grams oxalic acid? 

35. What happens when a mixture of carbon 
monoxide and dioxide is shaken up with caustic 
soda? 
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36. {d) Give the equation for the preparation of 
chlorine from common sal^ manganese dioxide, and 
sulphuric acid ? 

(b) What is the action of hydrochloric acid oa 
manganese dioxide ? 

{c) How much chlorine can be got by beadi^ 560 
grams manganese dioxide with salt and sul^afic acid ? 

(d) How much can be got by heating the same 
quantity with hydrochloric add ? 

37. (a) Mention the chief pVoperties of chlorine. 
{b) How does chlorine act as a bleaching agent ? 

38. How much common salt is needed to prepare 
109 kilograms of hydrochloric acid ? 

39. {a) What is meant by '' neutralizing " an acid 
solution ? 

{b) What is meant by the terms " acids," " bases," 
and " salts "* ? 

4>0. {a) Give the equation for the preparation of 
bleaching powder from lime and chlorine. 

(b) How much chlorine is needed to convert 5 tons 
of slaked lime into bleaching powder ? 

4>l. {(i) What happens when each of the following 
acids is brought in contact with calcium hypochlorite, 
sulphuric, nitric and hydrochloric ? 

(fi) How can a solution of hypochlorous acid be 
-distinguished from a solution of chlorine ? 

4>2. {d) Give the equation for the preparation of 
iodine from potassium iodide. 

ifi) Thirty-seven grams of iodine were obtained ; how 
much potassium iodide was used ? 
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43. What is the best test for free iodine ? 

44. (a) How is sodium iodide prepared ? 

{b) How much sodium iodide can be got from 20 
grams of iodine ? 

4>5. How much bromine can be got from 85 grams 
potassium bromide ? 

46. How much sodium, bromate and bromide, 
should be obtained by dissolving 97 grams bromine in 
caustic soda ? 

47. {a) How is hydrofluoric acid prepared ? 

{b) What is its action upon glass, and how may it 
be used to etch glass ? 

48. (a) What is the action of strong sulphnric add 
apon copper ? 

{b) How mncfa soli^inric ^ad and copper must be 
used to obtain a Idlogram of sulphur dioxide ? 

{c) What is the action of sulphur dioxide upon 
nitric acid, and upon potassium chromate solution ? 

50. {a) Describe in detail how sulphuretted hydrogen 
gas is prepared. 

{b) How much ferrous sulphide must be used to 
obtain 42 grams of the gas ? 

51. (a) How does sulphuretted hydrogen serve to 
divide the metals into groups ? 

{b) How could you separate by means of sulphur- 
etted hydrogen a solution containing copper, iron, 
and sodium ? 

52. How is sodium hydrate prepared ? 

54. {a) What is meant by the terms "oxidizing* 
and " reducing " flames ? 
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ip) How is each obtained, and for what is each 
used? 

55. (<i) How would you distinguish, by means of 
the blow-pipe, salts of the following metals — copper, 
cobalt, lead, zinc, antimony, aluminium, chromium, 
and strontium ? 

{f) What happens when mercuric chloride is heated 
on charcoal along with sodium bi-carbonate in the 
blow-pipe flame ? 

56. Name the substance which produces each ot 
the following reactions : — 

{d) Bead brittle, soluble in nitric acid, sulphide 
black. 

{b) No metallic bead, but incrustation of oxide on 
charcoal (brown). 

{c) Bead malleable, soluble in nitric acid ; solution 
gives with sulphuric acid a white precipitate. 

(^) No metallic bead, after heating; moistening with 
cobalt chloride and re-heating gives a pink residue. 

{e) Red bead, soluble in nitric acid ; solution becomes 
bright blue on adding ammonia : borax bead blue. 

(/) No metallic bead: borax bead amethyst coloured 
in reducing flame. 

57. {fl) How may a Bunsen lamp flame be substituted 
for the flames obtained by the mouth blow-pipe ? 

ip) Which is the hottest part of the Bunsen lamp 
flame, and which part has most reducing power ? 

{f) How are metallic Alms and metallic beads 
obtained by Bun sen's flame reactions ? 

58. How can arsenic, mercury, thallium, cadmium. 
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gold and platinum be distinguished by Bunsen's flame 
reactions ? 

59. Give Bunsen's reactions for zinc, mercury, bis- 
muth, lead, copper, and iron. 

60. Give Bunsen's tests for phosphorus and sulphur, 
and state the reactions involved in each. 

61. Six substances gave the following reactions 
when examined by means of Table A. Name each 
substance. 

{a) Water evolved on heating (reaction acid). Sub- 
stance dissolved in water, and on adding HCl a gas 
was evolved smelling of burning sulphur. None of the 
group reagents gave a precipitate. Flame coloration, 
yellow. 

ijf) Nitrogen tetroxide evolved on heating. Sub- 
stance dissolved in water, and gave a white precipitate 
with hydrochloric acid, soluble in hot water. 

{c) Oxygen evolved on heating. Substance insolu- 
ble in water, but dissolved by heating with hydro- 
chloric acid with evolution of chlorine. No precipi- 
tate with HCl, or with HCl + HjS, but on adding 
(NH4)H0 + NH4C1 + (NH4)2S a flesh-coloured pre- 
cipitate was obtained. 

{d) Carbon dioxide evolved on heating strongly. 
Substance insoluble in water, but on adding HCl a gas 
was evolved with effervescence, which rendered lime- 
water turbid. No precipitate with the first three 
group reagents, but a white one with (NH4) HO -|- 
NH4 CI + (N H4)2 C O3. Flame coloration dull 
red. 
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(e) White sublimate on heating. Substance dis- 
solved in water and gave no precipitate with BaCl^, 
but a white one with AgNOs, insoluble in NHO^ No 
precipitate with any of the group reagents, but gave 
a smell of ammonia on heating with NaHO. 

(/) Oxygen evolved on heating. Substance soluble 
in water, gave no precipitate with the first three 
group reagents, but a white one with (NH4) HO + 
NH4CI + (SH^fiO^ Flame coloration green. 

61. Six substances gave the following reaction when 
examined by means of Table B. Name each sub- 
stance. 

(a) White and unfused on heating. Yields when 
heated on charcoal with sodium carbonate, a mal- . 
leable bead which leaves a black mark on paper. 

{d) Infusible and disappears on heating. Defla- 
grates when heated with potassium nitrate. 

(c) Infusible when heated. Microcosmic salt bead 
colourless. Blue mass after heating on charcoal, 
moistening with CoClg and heating again. 

(d) White and infusible. When heated with H, 
SO4, evolves gas which etches glass. 

(e) Infusible, but darkens in colour on heating. 
Fused with NaHCOs, yields a brittle bead. 

(/) Fused but not volatilized on heating. Yields 
malleable metallic bead when heated on charcoal with 
NaHCOj. 

62. (a) Give the four group reagents, and state tb« 
metals precipitated by each. 

(d) What are the metals of Group V. ? 
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(. Write out the tests for silver. 

Write out the tests for mercurous salts. 

65. {a) Write out the tests for lead. 

(fi) How is lead chloride distinguished from the 
chlorides of silver and mercury ? 

{c) Give two methods for separating lead from 
silver and mercury. 

66. How can you separate the metals in a solution 
containing silver, mercury, and lead ? 

67. (^i) What happens when H^S is added to a 
solution of a mercuric salt ? 

ip) What is " white precipitate " ? 

68. Why does lead occur both in the silver and 
copper groups ? 

69. (a) What is the action of water on salts dk 
bismuth ? 

ip) How is lead chromate distinguished from bis- 
muth chromate ? 

70. (a) What is the action of KCN and of H2SO4 
upon copper sulphide ? 

{b) What happens when (NH4)H0 is added to a 
solution of copper sulphate ? 

71. {a) What is the action of KCN and of H2SO4 
upon cadmium sulphide ? 

ifi) Give two methods for the separation of coppet 
from cadmiunL 

7a. {a) Why is the filtrate from the silver group 
boiled down with hydrochloric acid before precipi- 
tating with HjS ? 

ip) What is the action of (NH4)2S2 on the sul- 
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phides of the following metals — lead, antimony, 
copper, bismuth, tin, and cadmium ? 

(c) What is the action of nitric acid upon sulphides 
of copper, mercury, bismuth, and cadmium ? 

73. {a) What reactions take place when mercuric 
chloride is added to stannic chloride and stannous 
chloride ? 

{b) How is purple of Cassius obtained ? 

74>. {a) What is the reaction of zinc upon an acid 
solution of antimony contained in a platinum vessel ? 

{b) Describe Marsh's test for antimony. 

{c) What is the action of sulphuretted hydrogen 
upon an antimony mirror ? 

76. {a) What is the action of silver nitrate upon an 
acid, neutral, and alkaline solution of arsenious 
acid ? 

{b) Give the formula of Scheele's green, and state 
how it may be obtained. 

(c) Describe Marsh's test for arsenic, and point out 
how it serves to distinguish that metal from antimony. 

{d) Describe Reinsch's test for arsenic. 

{e) Mention several ways of distinguishing an anti- 
mony from an arsenic mirror. 

(/) State all the dry reactions for arsenic. 

76, {a) What is the action of ammonium carbonate 
upon the sulphides of arsenic, antimony, and tin ? 

{b) How is tin separated from antimony ? 

77. {a) How is Prussian blue obtained, and what is 
its formula ? 

(fi) How is TumbuU's blue obtained ? 
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{c) How are ferrous and ferric salts distinguished 
by the ferro- and ferri-cyanides of potassium ? 

78. {a) When a solution of the metals of the iron 
group is precipitated with ammonium sulphide, what 
causes the filtrate to have a brown colour ? 

{b) What are the blow-pipe tests for nickel ? 

79. {a) What is the action of potassium cyanide 
upon solutions of nickel and cobalt ? 

{b) How would you separate a solution of the 
chlorides of nickel and cobalt ? 

{c) What is the action of potassium nitrite upon 
solutions of nickel and cobalt ? 

80. How can a solution of zinc hydrate in caustic 
potash be re-precipitated ? 

81. {a) How can a solution of aluminium hydrate in 
caustic potash be re-precipitated ? 

{b) How can you distinguish between the hydrate 
and phosphate of aluminium ? 

82. {a) What happens when ammonia is added to a 
solution of manganese containing ammonium chloride ? 

{b) What substance is formed when manganese 
compounds are fused with a mixture of potassium 
nitrate and carbonate ? 

{c) How would you separate a solution containing 
the nitrates of iron, zinc, and manganese ? 

83. {d) How would you separate analytically a 
solution of nickel, cobalt, and chromium ? 

{b) How would you separate analytically a solution 
containing iron, zinc, chromium, and manganese ? 
88. [a) What is the action of hydrochloric acid 

II 
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upon the sulphides of iron, zinc, nickel, manganese, 
and cobalt ? 

{b) What is the action of barium carbonate upon a 
cold solution of each of the following meta]^ — iron, 
> nickel, zinc, chromium, and manganese? 

{c) How is aluminium distinguished from zinc ? 

85. Mention three characteristic tests for barium. 

86. How is strontium distinguished from barium ? 

87. How are strontium and calcium distinguished 
from each other ? 

88. {a) What is the action of strong alcohol upon 
the chlorides of barium and strontium, and upon the 
nitrates of strontium and calcium ? 

{b) How are barium, strontium, and calcium sepa- 
rated from each other ? 

{c) What is the action of acetic acid upon the 
chromates of barium and strontium ? 

89. What are the tests for magnesium ? 

90. What is precipitated on adding platinum chlo- 
ride to potassium chloride ? Give its formula. 

91. {a) What is the action of platinum chloride 
upon ammonium chloride ? Give its fo -mula. 

{b) How are ammonium salts distinguished from 
those of potassium ? 

92. How are potassium salts distinguished from 
those of sodium ? 

93. Describe how magnesium, potassium, sodium, 
and ammonium are separated. 

94>. How are organic and inorganic acids dis- 
;ti tguished ? 



QUESTIONS AND EXERCISES. 163 

95. Write out the acids which occur in each of the 
four groups into which inorganic acids are divided. 

96. How are sulphates detected by the blow-pipe ? 

97. What happens when sulphuric acid is heated 
with silico-fluorides ? 

98. {a) How does sodium phosphate behave with 
solutions of the following reagents — ^magnesium sul- 
phate^ lead acetate, ferric chloride, and ammonium 
molybdate ? 

{b) How is phosphoric acid separated from solu- 
tions of phosphates insoluble in water ? 

{c) Give the distinguishing tests for ortho-, pyro-, 
and meta-phosphoric acids. 

99. How is borax recognized by a flame reaction ? 

100. {a) What reaction takes place when calcium 
chloride solution is added to an oxalate, and what 
happens when the resulting substance is ignited ? 

{b) How are oxalates distinguished from phos- 
phates ? 

101. What is the most characteristic test for 
fluorides ? 

102. What is the most characteristic test for car- 
bonates ? 

103. How is silicic acid obtained from a soluble 
silicate, and how is it converted into silicon dioxide ? 

104.. State how chromic, arsenious, sulphurous, 
iodic, and arsenic acids are detected in the examina- 
tion for bases. 

105. How is sulphurous converted into hydro- 
sulphuric acid ? 

M2 
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106. How are sulphites distinguished from hypo- 
sulphites ? 

108. How is arsenious distinguished form arsenic 
acid? 

109. What is the effect of heat upon iodates, and 
upon iodic acid ? 

no. What happens when sulphur dioxide is passed 
through a solution of potassium chromate ? 

111. How is chromium oxychloride prepared from 
common salt and potassium bichromate ? 

112. {a) How is bromine liberated from its com- 
pounds, and how is its presence recognized ? 

{b) What happens when bromides are distilled with 
manganese dioxide and sulphuric acid ? 

113. {a) How is iodine liberated from potassimn 
iodide, and how is its presence recognized ? 

{b) How can you detect chlorides, bromides, and 
iodides in presence of each other ? 

114>. {a) How is silver chloride distinguished from 
silver cyanide ? 

{b) How may ammonium sulpho-cyanide be obtained 
from sodium cyanide, and from mercuric cyanide ? 

115. {a) How is hypochlorous acid obtained from 
calcium hypochlorite ? 

{b) Give equations for the reactions which occur 
when hydrochloric acid and sulphuric acid act upon 
sodium hypochlorite. 

116. What are the tests for nitrous acid ? 

117. How is free sulphuretted hydrogen obtained 
from sulphides, and how is it recognized ? 
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118. Give all the reactions for nitric acid. 

119. [a) How is chloric distinguished from nitric 
acid? 

{p) How is anhydrous perchloric acid obtained ? 

{f) How are perchlorates distinguished from chlo- 
rates? 

lao. {d) How is arsenious separated from phos- 
phoric acid ? 

ifi) Name the acids whose silver salts are insoluble 
in nitric acid 

(f) How are acids detected in insoluble bodies ? 

{^d) How can barium sulphate be decomposed ? 

lai. State the group reagents of the organic acids, 
and show how they are divided into groups. 

122. What is the action of caustic potash upon 
calcium tartrate ? 

123. How is tartaric distinguished from citric acid ? 
Give two methods. 

125. How are succinic and benzoic acids distin- 
guished ? 

127. What is the difference between the action of 
silver nitrate upon ferro- and upon ferri-cyanides ? 

129. Name the distinguishing tests for formic and 
acetic acids. 

130. How is a soap formed from stearic acid, and 
how may the fat be separated ? 

131. What reactions are produced by ferric chloride, 
and iodic acid upon morphine ? 

132. How is morphine separated from meconic acid? 

133. Name the characteristic tests for strychnine. 



i66 PRACTICAL CHEMISTRY. 

ia4>. How is brucine distinguished from strychnine ? 

136. How are quinine and dnchonine distinguished 
from each other ? 

137. Name the tests for uric acid. 

138. Name the tests for urea. 

140. How is cane sugar distinguished from grape 
sugar, and how may it be converted into the latter ? 

14>1. Name the tests for albumin. 

14a. What is the most characteristic test for 
starch? 

144. How are tannic and gallic acids distinguished 
from each other ? 

145. How are carbon, hydrogen, and nitrogen 
detected in organic bodies? 

143. (/i) How would you separate a mixture of 
citric, tartaric, and oxalic acids ? 

{b) How would you separate a mixture of citric, 
benzoic, and formic acids ? 

148. Name the rare metals precipitated in the 
silver, copper, arsenic, iron, and potassium groups. 

148. Name the tests for tungsten. 

150. Give the formula of the substance produced 
by adding platinum chloride to solutions of thallium. 

151. What reactions are produced by iodide and 
chloride of potassium in palladium solutions ? 

152. What reaction takes place when caustic potash 
is added to rhodium salts ? 

153. What is the most characteristic test for 
osmium compounds ? 

155. Name the most characteristic tests for gold. 
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156. Name the most characteristic tests for platinum. 

157. What is the action of ferrous sulphate upon 
iridium salts ? 

158. How does sodium phosphate react upon 
molybdenum salts ? 

160. How is selenium distinguished from tellurium ? 

161. What is the blowpipe test for uranium com- 
pounds? 

163. How is beryllium distinguished from alumi- 
nium? 

167. How are cerium, lanthanum, and didymium 
distinguished ? 

168. What happens when zinc is added to solutions 
of titanium salts ? 

169. {a) How is anunonium vanadate obtained ? 
{d) What is the action of oxalic acid, sulphur dioxide, 

and zinc upon acid solutions of vanadium pentoxide ? 

170. What reaction is produced by sodium phos- 
phate on lithium salts ? 

178. How are caesium and rubidium distinguished 
from each other and from potassiimi ? 
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^SChyluS.— iESCHYLI EUMENIDES. The Greek Text, with 
English Notes and English Verse, Translation, and an Introduction. 
By Bernard Drake, M.A., late Fellow of King's College, 
Cambridge. Svo. 3J. dd. 

The Greek text adopted in this Edition is based upon that of Wellauer, 
which may be said, in general terms, to represent that of the best manu' 
scripts. But in correcting the Text, and in the Notes, cutvantage hcts been 
taken of the suggestions of Hermann, Paley, Linwood, and other com- 
mentators. In the Translation, the simple character of the ^schylean 
dialogues has generally enabled the author to render them without any 
material deviation from the construction and idioms oj the original Greek, 

_ .?• 3:__ A 
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" The NoUs are judicious ^ and, a rare merit in English Notes, ni 
too numerous or too long, A most useful feature in tJte ivork is thi 
Analysis of Miiller's celebrated dissertations.^'' — British Quarterly 
Review. 

Aristotle. — an introduction to aristotles 

RHETORIC. With Analysis, Notes, and Appendices. Bj E 
M. COPK, Senior Fellow and Tutor of Trinity College^ Cam- 
bridge. Svo. I4r. 

litis work is introductory to an edition of the Greek Text of Aristotle i 
Rhetoric, which is in course of proration. Its object is to rendar Vi&t 
treatise thoroughly intelligible. The author has aimed to illustrate^ oi 
preparatory to the detailed explanation of the work, the general bearing 
and relations of the Art of Rhetoric in itself, as well as the special mode oj 
treating it adopted by Aristotle in his peculiar system. The ezfidence upon 
obscure or doubtful questions connected with the subject is examined; and 
the relations which Rhetoric bears, in AristotUs view, to the kindred art 
of Logic are fully considered, A connected Analysis of the work is grven^ 
sometimes in the form of paraphrase ; and a few important matters art 
separately discussed in Appendices, There is added, as a genercU Appendix^ 
by way oj specimen of the antagonistic system of Isocrates and others, a 
complete analysis of the treatise called 'Vnropixii ^pht *A\4^€ty9por, with a 
discussion of its authorship and of the probable results of its teaching, 

ARISTOTLE ON FALLACIES; OR, THE SOPHISTIC! 
ELENCHI. With a Translation and Notes by Edwa&d Poste, 
M.A., Fellow of Oriel College, Oxford. 8vo. &r. ^. 

Besides the doctrine of Fallacies, Aristotle offers, either in this treatise 
or in other passages quoted in the cofnmentary, various glances over the 
world of science and opinion, various suggestions or problems which are 
still agitated, and a vivid picture of the ancient system of dialectics, which 
it is hoped may be found both interesting and instructive, ** It is not 
only scholarlike and careful, it is also perspicuous, ** — GUARDI AN. " // ;'> 
indeed a work of great skill," — SATURDAY REVIEW. 
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Blackic— GREEK AND ENGLISH DIALOGUES FOR USE 
IN SCHOOLS AND COLLEGES. By John Stuart Blackie, 
Professor of Greek in the University of Edinbuigh. Fcap. 8vo. 

** Wliy should the old practice of conversing in Latin and Greek be 
altogether discarded? " — Professor Jowett, 

Professor Blackie has been in the habit, as part of the regular 

training of his class in Edinburgh University^ of accustoming the students 

to converse in Greek. This method he has found to be eminently 

successful as a means of furnishing the students with a copious vocabulary, 

training them to use it promptly, confidently, and ivith correct articulation, 

and instilling into the^ an accurate and intelligent knowledge of Greek 

Grammar, He bdieves his method may be used with equal success by 

others ; he has tJierefore in the present little volume furnished a series of 

twenty-five graduated Dialogues in parallel columns of Greek and English 

on a great variety of interesting subjects. In the Preface, the Author 

fully explains the aim of the book, and the principle on which he himself 

intends to use it ; where also, as well as in the Preliminary Remarks on 

Orthoepy, he gives a brief account of his theory of Greek Pronunciation, a 

theory now approve of by the most eminent English scholars. The work 

has been revised by several scholars of repute, both English and Scotch. 

The Globe says: ** Professor Blackids system is sensible; his book is likely 

to be useful to teachers of Greek ; and his suggestions valuable to the 

learners of any language," 

CicerO.—THE SECOND PHILIPPIC ORATION. With an 
Introduction and Notes, translated from the German of Karl 
Halm. Edited, with Corrections and Additions, by John E. B. 
Mayor, M.A., Fellow and Classical Lecturer of St. John's 
College, Cambridge. Third Edition, revised. Fcap. 8vo. 5/. 

This volume opens with a List of Books useful to^ the Student of Cieero, 
and some account of various editions, mostly German, of the works of 
Cicero. The Introduction is based on Halm : where Halm gives a refer^ 
ence to a classic, the passage has bun commonly printed at length ; where 

A 2 
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Cicero --continued, 

the reference is to HalnCs notes on other Ciceronian speeches^ or to modem 
books^ the addiiional matter hcu been incorporated: and the numerm 
Greek quotations have been rendered into English, The English editor 
has further illustrated the work by additions drcewn, for the most part, 
(i) from the ancient authorities ; (2) from his own private marginal 
references^ and from collections; {"ii from the notes of previous com- 
mentators, A copious * argument* is also given, ** On tke whole w 
have rarely met with an edition of a classiccd author which so thoroughly 
fulfils the requirements of a good school-book.^* — Educational Times. 
•* A valucdfle edition " says the ATHENiBUM. 

THE ORATIONS OF CICERO AGAINST CATILINA. With 

Notes and an Introduction. Translated from the German of Karl 

Halm, with many additions by A. S. Wilkins, M. A. Professor 

of Latin in Owens College, Manchester. Fcap. 8vo. 3^. 6d, 

This edition is a reprint of the one prepared by Professor Halm fir 

Orellis Cicero, The historical introduction of Mr, IVilkins brings 

together all the details which are known respecting Catiline and kis 

relations with the great orator, A list of passages where conjecture 

have been admitted into the text, and also of all variations from the text 

of Kayser (1862), is added at tke end. Finally ^ the English Editor has 

subjoined a large number of notes, both original and selected frof^ 

■ Curtius, Schleischer, Corssen, and other well-known critics, an analysis 

of tJie orations, and an index, 

Demosthenes.— DEMOSTHENES ON the crown. The 

Greek Text with English Notes. By B. Drake;, M. A., late Fellow 
of King's College, Cambridge. Fourth Edition, to which is 
prefixed iESCHINES AGAINST CTESIPHON, with English 
Notes. Fcap. 8vo. 5J. 

An Introduction discusses the immediate causes of the two orations, and 
their general character. The Notes contain frequent references to the M 
muthoriiies. Among the appendices at the end is a chronologiccU table cj 
the life and public career of jEschines and Demosthenes, " A neat ad 
useful edition,*^ — Athen^EUM. 
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Hodgson.— MYTHOLOGY FOR LATIN VERSIFICATI6N. 
A brief Sketch of the Fables of the Ancients, prepared to be 
rendered into Latin Verse for Schools. By F. Hodgson, B.D., 
late Provost of Eton. New Edition, revised by F. C. Hodgson, 
M.A. i8mo. y, 

77ie late Provost oj Eton has here supplied a help to the composition of 
Latin Verse, combined with a brief introduction to Clcusical Mythology* 
In this new edition a few mistakes have been rectified; rules have been, 
added to the Prosody ; and a more uniform system has been adopted with 
regard to the help afforded* 

Juvenal. — Thirteen Satires of JUVENAL. With a Commentary. 
By John E. B. Mayor, M.A., Fellow of St. John's College, 
Cambridge. Second Edition, enlarged. Part I. Crown 8vo. sewed* 
3^. dd. 
The text is accompanied by a copious Commentary, For various notes 
the author is indebted to Professors Munro and Conington, All the 
citations have been taken anew from the original authors, * * A painstaking 
and critical edition, ^^ — SPECTATOR. ^^ For really ripe scholarship, 
extensive acquaintance ivith Latin literature, and familiar knowledge 
of continental criticism, ancient and modern, it is unsurpassed among 
English editions." — Edinburgh Review. 

Marshall. — a table of irregular greek verbs, 

classified according to the arrangement of Curtius* Greek Grammar. 
By J. M. Marshall, M. A., Fellow and late Lecturer of Brasenose 
College, Oxford ; one of the Masters in Clifton College. 8vo. 
cloth. IX. 
77te system of this table has been borrowed from the excellent Greek 
Grammar of Dr, Curtius, 

Mayor (John E. B.)— FIRST GREEK READER. Edited 
after Karl Halm, with Corrections and large Additions by John 
E. B. Mayor, M.A, Fellow and Classical Lecturer of St John's 
College, Cambridge. Second and Cheaper Edition. Fcap. 8vo. 
4J. 6^. 
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A tdecHmt cf short passages^ serving to illustrate especially the Grak 
Atcidenee. A good deal of syntax is incidentally taught^ and Madvigand 
other books are cited, for the use of masters : hit no learner is expected to 
know more of syntax than is contained in the Notes and VbceUmlary. 
A preface ^^ To the Reader ^^ not only explains the aim, and method oj 
the volume^ but also deals with classical instruction generally. The 
isetraets are uniformly in the Attic dialect. This book may be used in 
coftnexion with Mayof^s *^ Greek for Beginners.^ " Afier a careful 
examination we are inclined to consider this volume unrivalled in the 
hold which its pithy sentences are likely to take on the memory, atid 
for the amount of true scholarship embodied in the annotations"— 
Educational Times. 



Mayor (Joseph B.)— greek for beginners. By the 

Rev. J. B. Mayor, M.A., Professor of Classical Literature in 
King's College, London. Part I., with Vocabulary, ij. 6d. ; 
Parts II. and IIL, with Vocabulary and Index, 3J. 6d. ; complete 
in one voL, fcap. 8vo. cloth, 4f. 6d. 

The distinctive method of this book consists in building up a boy's 
knowledge of Greek upon the foundation of his knowledge of English and 
Latin, instead of trusting everything to the unassisted memory, Tki 
farms and constructions of Greek haz;e been thoroughly compared with 
those of Latin, and no Greek words have been used in the earlier pctrt of 
the book except such as have connexions either in English or Latin, Each 
step leads naturally on to its successor, grammatical forms and rules are 
at once applied in a series of graduated exercises, accompanied by ample 
vocabularies. Thus the book serves as Grammar, Exercise book, and 
Vocabulary, Where possible, the Grammar has been simplified; the 
ordinary ten declensions are reduced to three, which correspond to the 
first three in Latin ; and the system of stems is adopted, A general 
Vaeabuiary, cmd Index of Greek worthy completes the work, " We knmv 
of no booh of the same scope so complete in itself, or so -lodl calculated te 
make the study of Greek interesting at the very commencement. '*^— 
Standard. 
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Peile (John, M.A,) — an introduction to greek 

AND LATIN ETYMOLOGY. By John Peile, M.A., FeUow 
and A^istant Tutor of Christ's College, Cambridge, formerly 
Teacher of Sanskrit in the University of Cambridge. New and 
Revised Edition.^ Crown 8vo. lar. (xi. 

These Philological Lectures are the result of Notes made during thi 
author^ s reading during t/ie last three or four years. These Notes were 
put into the shape of lectures^ delivered at Chris fs College, during the last 
May term, cts one set in the " Intercollegiate " list. They are now printed 
with some additions and modifications, but substantially as they were 
delivered. *' The book may be accepted as a very valuable contribution to 
the science of language.*^ — Saturday Review. 

Plato.— THE REPUBLIC OF PLATO. Translated into English,^ 
with an Analysis and Notes, by J. Ll. Davies, M.A.,and D. J. 
VaugHAN, M.A. Third Edition, with Vignette Portraits of Plate 
and Socrates, engraved by Jeens from an Antique Gem. i8mo. 
4^. 6d, 

An introductory notice supplies some account of the life of Plato^ and 
the translation is preceded by an elaborate analysis, ** The translators 
have,^* in the judgment of the Saturday Review, ** produced a book 
which any reader^ whether acquainted with the original or not, can peruse 
with pleasure as well as profit, " 

Plautus (Ramsay).— THE mostellaria of plau- 

TUS. With Notes Critical and Explanatory, Prolegomena, and 
Excursus. By William Ramsay, M.A., formerly Professor of 
Humanity in the University of Glasgow. Edited by Professor 
George G. Ramsay, M.A., of the University of Glasgow. Svo. 
141. 

" The fruits of that exhaustive research and that ripe and well-digested 
scholarship which its author brought to bear upon everything that he 
undertook are visible throughout it. It is furnished with a complete 
apparatus of prolegomena^ notes, and excursus; and for the use of veteran 
scholars it probably leaves nothing to be desired," — P ALL Mall Gazettk. 
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Potts (Alex, W., M.A.)— HINTS TOWARDS LATIN 
PROSE COMPOSITION. By Alex. W. Potts, M.A., late 
Fellow of St John's Collie, Cambridge ; Assistant Master in 
Rugby School ; and Head Master of the Fettes College, Edinburgh. 
New Edition, enlarged. Extra fcap. 8vo. doth. 3J. 

Those engaged in Classical teaching seem to he unanimously of ih 
o^nion that Composition in Latin Prose is tiot only the most efficient 
method of acquiring a mastery of the Latin laftguage^ but is in itself 
4t valuable means of mental trainings and an admirable corrective of sonu 
of the worst features in English writing. An attempt is here madt to 
give students, after they have mastered ordinary syntactical rules, some idea 
of the characteristics of Latin Prose and the means to be employed to 
reproduce them. Some notion of the treatment of the subject may bt 
gathered from the * Contents^ Chap. I. — Characteristics of Classical 
Latin, Hints on turning English into Latin; Chap. II. — Arrangemetd 
of Words in a Sentence ; Chap. III. — Unity in Latin Prose, Subject and 
Object; Chap. IV.— On the Period in Latin Prose ; Chap. V,—Ontht 
position of the Relative and Rdatvve Clauses, 

The Globe characterises it as ** an admirable little book which teachers 
of Latin will find of very great service. ** 

Roby.— A GRAMMAR OF THE LATIN LANGUAGE, from 

Plautus to Suetonius. By H. J. Roby, M.A. late Fellow of St. 

John's College, Cambridge, Part I. containing ; — Book I. Sounds. 

Book II. Inflexions. Book III. Word-Formation. Appendices. 

Crown 8vo. 8j. 6d, 
7 his work is not a compilation from other Latin Grammars, but the 
result of an independent and careful study of the writers of the strictly 
classical period, tlie period embraced between the thru of Plautus and ikat 
of Suetonius, The author* s aim has been to give the facts of the language 
in as few words as possible, i. By Grammar the author ineans an 
orderly arrangement of the facts which cotuem the form of a language, as 
a Lexicon gives those which concern its matter. 2. This is a Gramviar 
strictly ofthe\jaX\rx language; not a Universal Grammar illustrated from 
Latin, nor the Latin section of a Comparative Grammar of the Indo' 
European languages, nor a Grammar of the group of Italian dialects, of 
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which Latin is one. 3. This is a Grammar of Latin from Plautus to 
Suetonius, with the latter of whom, the author believes, the silver age at 
latest ends. It will be found that the arrangement of the book and the 
treatment of the various divisions differ in many respects from those of pre- 
vious grammars, Mr, Roby has given special prominence to the treatment 
of Sounds and Word formation ; and in the First Book he has done much 
towards settling a discussion which is at present largely engaging the 
attention of scholars, viz. , the pronunciation oj the classical languages. 
The author^ s reputation as a scholar and critic is already well known, 
and the publishers are encouraged to believe that his present work will take 
its place cu perhaps the most original, exhaustive, and scientific Grammar 
of the Latin language that has ever issued from the British press. ** The 
book is marked by the clear and practised insight of a master in his art. 
It is a book that would do honour to any country.''^ — ATHENAEUM. 

Rust. — FIRST STEPS TO LATIN PROSE COMPOSITION. 

By Rev. George Rust, M.A. of Pembroke College, Oxford, 

Master of the Lower School, King's College, London. New 

Edition. iSmo. u. 6</. 

This little work consists of carefully graduated vocabularies and eX' 

ercises, so arranged as gradually to familiarise the pupil with the elements 

of Latin Prose Composition, and fit him to commence a more advanced 

work. 

Sallust.— CAII SALLUSTII CRISPI CATILINA ET JUGUR- 

THA. For Use in Schools. With copious Notes. By C. 

Merivale, B.D. (In the present Edition the Notes have been 

carefully revised, and a few remarks and explanations added.) 

Second Edition. Fcap. 8vo« 4r. dd. 

This edition of Sallust, prepared by the distinguished historian of Rome, 

contains an introduction, concerning the life and works of Sallust, lists 

of the Consuls, and elaborate notes, ** A very good edition, to which the 

Editor has not only brought scholarship but independent juxigment and 

historical criticism^ — Spectator. 

The JUGURTHA and the CATILINA may be had separately, price 
2s. td. each. 
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Tacitus.— THE HISTORY OF TACITUS TRANSLATED 
INTO ENGLISH. By A. J. Church, M.A., and W. J. 
Brodribb, M.A. With Notes and a Map. 8vo. lOj. (uL 

The transkUors have endeavoured to adhere as closely to the original as 
was thought consistent with a proper observance of English idiom, Ai 
the same time, it has been their aim to reproduce the precise expressions of 
the author. The campaign of Civilis is elucidated in a note of some lengthy 
which is illustrated by a map^ containing the names ofplcu:es and of tribe 
occurring in the work. There is also a complete account of the Roman army 
as it was constituted in the time of Tacitus, This work is characterised 
by the Spectator as *^a scholarly and faithful translation.** 

THE AGRICOLA AND GERMANIA OF TACITUS. A Revised 
Text, English Notes, and Maps. By A. J. Church, M.A., 
and W. J. Brodribb, M.A. Fcap.*8vo. y, 6d, 

" iVe have endeavoured^ with the aid of recent editions^ thoroughly to 
elucidate the text, explaining the various difficulties^ critical and gramma- 
ticcdy which occur to the student. We have consulted throughout^ besides 
the older commentators^ the editions of Ritter and Oretli^ but we are 
under specicU obligations to the labours of the recent German editors, Wex 
and Kritz," Two Indexes are appended^ (i) of Proper Names^ (2) 0} 
Words and Phrases explained, ** A model of careful editing,^* says the 
ATHENiEUM, " being at once compact, complde, and correct, as well as 
neatly printed and elegant in styleJ* 

THE AGRICOLA and GERMANIA may be had separately, price 
2s, each. 

THE AGRICOLA AND GERMANIA. Translated into English 
by A. J. Church, M.A., and W. J. Brodribb, M.A. With 
Maps and Notes. Extra fcap. Svo. is. 6d. 

The translators have sought to produce such a version as may satisfy 
scholars who demand a faithful rendering of the original, and English 
readers who are offiended by the baldness and frigidity which commonly 
disfigure translations. The treatises are curcompanied by introductions^ 
notes, maps, and a chronological summary. The Athenaeum says of this 
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work that it is** a version at once readable and exacts which may be perused 
with pleasure by all^ and consulted with advantage by the classical student,** 

Theophrastus. — the characters of theo- 

PHRASTUS. An English Translation from a Revised Text. 
With Introduction and Notes. By R. C. Jebb, M.A., Public 
Orator in the University of Cambridge. Extra fcap. 8vo. 6j". dd. 

The first object of this book is to make these lively pictures of old Greek 
manners better known to English readers. But as the Editor and Trans- 
lator has been cU considerable pains to procure a reliable text, and has 
recarded the results of his critical labours in a lengthy Introduction^ in 
Notes and Appendices y it is hoped that the work will prove of value even to 
the scholar. ** We must not omit to give due honour to Mr. Jebb^s trans- 
lationy which is as good as translation can be . , . . Not less commendable 
are the execution of the Notes and the critical handling of the Text.^^ — 
Spectator. The Saturday Review speaks of it as **a very handy 
and scholarly edition of a work which till now has been beset with 
hindrances and difficulties , but which Mr. Jebb^s critical skill and 
Judgment have at length placed within the grasp and comprehension of 
ordinary readers, " 

Thring.— Works by the Rev. E. THRING, M.A., Head Master 
of Uppingham SchooL 

A LATIN GRADUAL. A First Latin Construing Book for 
Beginners. New Edition, enlarged, with Coloured Sentence Maps. 
Fcap. 8vo. 2s. 6d. 

The Head Master of Uppingham has here sought to supply by easy steps 
a knowledge of grammar ^ combined with a good Vocabulary, Passages 
have been selected from the best Latin authors in prose and verse. These 
passages are gradually built up in their grammatical structure^ and 
finally printed in full, A short practical manual of common mood con- 
structions^ with their English equivalents ^ forms a second part. To the 
New Edition a circle of grammatical constructions with a glossary has 
been added ; as also some coloured Sentence Maps by means of which the 
different parts of a setttence can easily be distinguished^ and the practice of 
dissecting phrases carried out with the greatest benefit to the student. 
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A MANUAL OF MOOD CONSTRUCTIONS. Fcap.Svo. u.U 
Treats of the ordinary mood constructions^ as found in the Latiu^ Gredty 
and En<;;ltsh tankages. The Educational Times thinks it "very 
well suited to youn^ students.** 

A CONSTRUING BOOK. Fcap. 8vo. zr. &/. 

Thucydides.— THE SICILIAN expedition. Being Books 

VI. and VII. of Thucydides, with Notes. A New Edition, revised 

and enlarged, with a Map. By the Rev. Percival Frost, M. A, 

late Fellow of St. John's College, Cambridge. Fcap. 8vo. 5^. 

This edition is mainly a grammaticcd one. Attention is called to the 

force of compound verbs, and the exact meaning of the various tenses 

employed. " The notes are excellent of their kind, Mr. Frost seldom 

passes over a difficulty, and what he says is always to the paint," — 

Educational Times. 

Virgil.— THE WORKS OF VIRGIL RENDERED INTO 
ENGLISH PROSE, with Notes, Introductions, Running Analysis, 
and an Index, by James Lonsdale, M.A. and Samuel Lee, 
M.A. Second Edition. Globe 8vo. y. 6d.; gilt edges, 4^-. 6d, 

The preface of this ne7V volume informs us that ** the original has been 
faithfully reftdered^ and paraphrase altogether avoided. At the same time^ 
the translators have endeavoured to culapt the book to the use of the 
English reader. Some amount of rhythm in the stn4cture of the sentence 
has been generally maintained; and, when in the Latin the sound of the 
words is an echo to the sense {as so frequently happens in Virgil), an 
attempt has been made to produce the same result in English.** The 
general introduction gives us whatever is known of the poet*s life, an 
estimate of his genius^ an account of the principal editions and trans- 
lations of his works, and a brief view of the influence he has had on 
modem poets ; special introductory essays are prefxid to the " Eclogues," 
** Georgics," and ** y^neid" The text is divided into sections, each of 
which is headed by a r^ftcise analysis of the subject; the index contains 
references to all the characters and events of any importance. 
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Wright.— Works by J. WRIGHT, M.A., late Head Master of 
Sutton Coldfield School 

HELLENICA ; OR, A HISTORY OF GREECE IN GREEK, as 
related by Diodorus and Thucydides ; being a First Greek Reading 
Book, with explanatory Notes, Critical and Historical. Third 
Edition, with a Vocabulary. i2mo. 3^. ^d. 

In the last twenty chapters of this volume^ Thucydides sketches the rise 
and progress of the Athenian Empire in so clear a style and in such simple 
language, that the editor hcts doubts whether any easier or more instruc- 
tive passages can be selected for the use of the pupil who is commencing 
Greek, This book includes a chronological table of the events recorded. 
The Guardian speaks of the work as ^* a good plan well executed.^ 
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A HELP TO LATIN GRAMMAR ; or. The Form and Use of Words 
in Latin, with Progressive Exercises. Crown 8vo. 4?. 6d. 

This book is not intended as a rival to any of the excellent Grammars 
now in use ; but as a help to enable the beginner to understand them, 

THE SEVEN KINGS OF ROME. An Easy Narrative, abridged 
from the First Book of Livy by the omission of Difficult Passages ; 
being a First Latin Reading Book, with Grammatical Notes. 
With Vocabulary and Exercises. Fourtli Edition. Fcap. 8vo. 51. 

This work is intended to supply the pupil with an easy construing book^ 
which may at the same time be made the vehicle for instructing him in the 
rules of grammar and principles of composition. The notes profess to 
teach what is commonly taught in grammars. It is conceived that the 
pupil will learn the rules of construction of the language much more 
easily from separate examples, which are pointed out to him in the course 
of his reading, and which he may himself set down in his note-book after 
some scheme of his own, than from a heap of quotations amassed for him 
by others, " The Notes are abundant, explicit, andfull of such grammatical 
and other infor??iation as boys require." — AxHENiEUM. ** This is 
really,'' tJie Morning Post says, ^'what its title imports, -■"■' — - 
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Wright — continued. 

bdieve that Us general introdttction into Grammar Schools would net 
only facilitate the progress of the boys beginning to learn Latin, but 
also rdieve the Mcutersfrom a very considerable amount of irksome labour 
, , , . a really valuable addition to our school libraries,** 

Or, separately, 
SEVEN KINGS OF ROME. 3J. 

VOCABULARY AND EXERCISES TO "THE SEVEN KINGS." 
2s, td, 

FIRST LATIN STEPS; OR, AN INTRODUCTION BY A 
SERIES OF EXAMPLES TO THE STUDY OF THE 
LATIN LANGUAGE. Crown 8vo. Ss. 

The aim of the author of this book is to put into the hands of pupils 
that which he thinks it needful for them to know before they commence a 
Latin author. The following points in the plan of the work may be 
noted: — i. The pupil hcts to deal with only one construction at a time. 

2. This construction is made clear to him by an accumulation of instances. 

3. As all the constructions are classified as they occur, the construction 
in each sentence can be easily referred to its class, 4. As the author 
thinks the pupil ought to be thoroughly familiarized, by a repetition 
of instances, with a construction in a foreign language, before he at- 
tempts himself to render it in that language, the present volume contains 
only Latin sentences, 5. The author has added to the Rules on Prosody 
in the last chapter, a few familiar lines from Ovid^s Fasti by way 
of illustration; if these are translated, scanned, and learnt by heart, 
the pupil will be in a condition to derive from the practice of Latin 
versification all the good which it is calculated to afford. In a brief 
Introduction the author states in a clear, intelligible manner, the 
rationale of the principal points of Latin Grammar. Copious Notes 
are appended, to which reference is made in the text. From the clear 
and rational method adopted in the arrangement of this elementary work^ 
from the simple way in which the various rules are conveyed, and from 
the abundance of examples given, both teachers and pupils wUl find it 
a valuable help to the learning of Latin.^ 
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CLASSIC VERSIONS OP ENGLISH BOOKS, 

AND LATIN HYMNS. 

The following works are, as the heading indicates, 
classic renderings of English books. For scholars, and 
particularly for writers of Latin Verse, the series has a 
special value. The H)rmni Ecclesiae are here inserted, as 
partly falling under the same class. 

Church (A. J., A.M.)— HOR-^ TENNYSONIAN^ sive 
Eclogae^e Tennysono. Latine redditse. Cura A. J. Church, 
A.M. Extra fcap. Svo. dr. 

Latin versions of Selections from Tennyson. Among the authors are 
the Editor^ the late Professor Conington^ Professor Seeley, Dr, Hessey, 
Mr, K^bd, and other gentlemen, 

Latham.— SERTUM SHAKSPERIANUM, Subnexis aliquot 
aliunde excerptis floribus. Latine reddidit Rev. H. Latham, M.A. 
Extra fcap. 8vo. 5j. * 

Besides versions of Shakspeare this volume contains^ among other pieces^ 
Gray's '' EUgy,'' CampbelVs ** ffohenlinden,'' Wolf is '* Burial of Sir 
John Moore^* and selections from Cowper and George Herbert. 

Lyttelton.— THE COMUS OF MILTON, rendered into Greek 
Verse. By LORD Lyttelton. Extra fcap. 8vo. ss. 
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Lyttelton — continued, 

THE SAMSON AGONISTES OF MILTON, rendered into Greek 
Verse. By Lord Lyttelton. Extra fcap. 8vo. dr. 6d, 

Merivale.— KEATS' Hyperion, rendered into Latin Veree. 
By C. Merivale, B.D. Second Edit. Extra fcap. 8vo. y. 6d, 

Newman. — HYMNI ECCLESIiE. Edited by Rev. Dr. 
Newman. Extra fcap. 8vo. *js. 6d, 

Hymns of the Mediaval Church. The first Part contains selections 
from the Parisian Breviary ; the second from those of Rome^ Salisbury ^ 
and York. 

Trench (Archbishop). — SACRED LATIN POETRY 

chiefly Lyrical, selected and arranged for Use ; with Notes and 
Introduction. Fcap. Svo. 7^. j 

In this work the editor has selected hymns of a catholic religious 
sentiment that are common to Christendom^ while rejecting those of a 
distinctively Romish character. 
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Airy. — Works by G. B. AIRY, Astronomer Royal :— 

ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL 
EQUATIONS. Designed for the Use of Students in the Univer- 
sities. With Diagrams. Crown 8vo. cloth. 5j. 6d, 

It is hoped that the methods of solution here explained^ and the instances 
exhibited J will be found sufficient for application to nearly all the important 
problems of Physical Science^ which require for their complete investigation 
the aid of Partial Differential Equations. 

ON THE ALGEBRAICAL AND NUMERICAL THEORY OF 
ERRORS OF OBSERVATIONS AND THE COMBINA- 
TION OF OBSERVATIONS. Crown 8vo. cloth. 6s. 6d. 

In order to spare astronomers and observers in natural philosophy the 
confusion and loss of time which are produced by referring to the ordinary 
treatises embracing both branches of probabilities {the first relating to 
chances which can be altered only by the changes of entire units or in* 
iegral multiples of units in the fundamental conditions of the problem ; 
the other concerning those chances which have respect to insensible grada* 
tions in the value of the element measured), the present tract has been drawn 
up. It relates only to errors of observation, and to the rules, cUrivable 
from the consideration of these errors, for the combination of the results 
of observations. 

B 
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Airy (G. B.) — continued. 

UNDULATORY THEORY OF OPTICS. Designed for the Use of 
Students in tlie Univeratty. New Edition. Crown 8vo. cIotL 

• 

The undulatory theory of optics is presented to the reader as having tkt 
same claims to his attention as the theory of gravitation : namely^ that U is 
certainly true, and that, by mathematical operations of general deganct, it 
leads to results of great interest. This theory explains with accuracy a 
vast variety of phenomena of the most complicated kind. The plan oftkts 
tract has been to include those phenomena only which admit of calculation y 
and the investigations are applied only to phenomena which actually havt 
been observed. 



ON SOUND AND ATMOSPHERIC VIBRATIONS. With the 
Mathematical Elements of Music Designed for the Use of Students 
of the University. Second Edition, Revised and Enlaiged. 
Crown 8vo. 9J. 

This vohtme consists of sections^ which again are divided into numbend 
articles, on the following topics : Geneml recognition of the air as the 
medium which conveys sound; Properties of the air on which the forma- 
tion and transmission of sound depend; Theory of undulations as applid 
to sounds 6f*c, ; Investigation of the motion of a wave of air through the 
atmosphere ; Transmission of waves of soniferous vibixUions through dif- 
ferent gases f solids, and fluids ; Experiments on the velocity of sound, 
&%>./ On musical sounds, and the manner of producing them ; On the 
elements of musical harmony and mehdy^ and of simple musical compost' 
tion; On instrumental music; On the human organs of speech and 
hearing, 

K TREATISE ON MAGNETISM, Deseed for the use of 
Students in. the University. Crown 8vo. ^. ^d, 

As^the laws of Magnetic Force have been experimentally examined wHh 
philosophical accuracy, only in its connection with iron and steel, and in 
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th£ influences excited by the earth as a whole^ the accurate portions of this 
laork are confined to the investigations connected with these metals and the 
earth. The latter part of the work, however, treats in a more general way 
of the laws of the connection between Magnetism on the one liand and gal- 
z/anisnt and thermo-dectricity on the other. The work is divided into 
Thvelve Sections, and each section into numbered articles, each of which 
stales concisely and clearly the subject of the following paragraphs. 

Plxty (Osmund.)— a treatise on geometrical 

OPTICS. Adapted for the use of the Higher Classes in Schools. 
By Osmund Airy, B.A., one of the Mathematical Masters in 
Wellington College. Extra fcap. 8vo. y. 6d, 

" This is, I imagine, the first time that any attempt has been made to 
cidapt the subject of Geometrical Optics to the reading of the higher 
classes in our good schools. That this should be so is the more a matter 
for remark, since the subject would appear to be peculiarly fitted for such 
an adaptation. .... I have endeavoured, as much as possible, to avoid 
the example of those popular lecturers who explain difficulties by ignoring 
them. But as the nature of my design necessitated brevity, I have omitted 
entirely one or two portions of the subject which I considered unnecessary 
to a clear understanding of the rest, and which appear to me better learnt 
at a more advanced stage,** — Author's Preface. ** This book,** the 
AxHENiEUM says, *^is carefully and lucidly written, and rendered as 
simple as possible by the use in all cases of the most elementary form of 
investigation. " 

Bayma. — the elements of molecular mecha- 
nics. By Joseph Bayma, S.J., Professor of Philosophy, 
Stonyhurst College. Demy 8vo. cloth. \os.(id. 

Of the twelve Books into which the present treatise is divided, the first 
and second give the demonstration of the principles which bear directly on 
the constitution and the properties of matter. The next three books contain 
a series of theorems and of problems on the laws of motion of elementary 
substances. In the sixth and seventh, the mechanical constitution of mole- 
cules is investigated and determined : and by it the general properties of 
bodies are explained. The eighth book treats of luminiferous cether, 

B 2 
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ninth explains some special properties of bodies. The tenth and eleventh 
contain a radical and lengthy investigation of chemical principles and 
relations^ which may lead to practical results of high importance. The 
twelfth and last booh treats of molecular masses^ distances^ and powers. 

Beasley.— AN elementary treatise on plane 

TRIGONOMETRY. With Examples. By R. D. Bkasley, 
M.A., Head Master of Grantham Grammar School, Second 
Edition, revised and enlarged. Crown 8vo. cloth. 3J. 6^ 

This treatise is specially intended for use in schools. The choice of tnatter 
has been chiefly guided by the requirements of the three days' examination 
at Cambridge. A bout four hundred examples have been added to this edition^ 
mainly collected from the Examination Papers of the last ten years, 

Blackburn (Hugh.) — ELEMENTS OF plane 

TRIGONOMETRY, for the use of the Junior Class of Mathematics 

in the University of Glasgow. By Hugh Blackburn, M.A., 

Professor of Mathematics in the University of Glasgow. Globe 

8vo. I J. 6/. 

The author having felt the want of a short treatise to be used as a 

7ext-Book after the Sixth Book of Euclid had been leanied and some 

knowledge of Algebra acquired, which should contain satisfactory 

demonstrations of the propositions to be used in teaching Junior Students 

the solution of Triangles, and should at the same time lay a solid 

foundation for the study of Analytical Trigonometry, thinking tliai 

others may have felt the same want, has attempted to supply it by the 

publication of this little work, 

Boole. — Works by G. BOOLE, D.C.L., F.R.S., Professor of 
Mathematics in the Queen's University, Ireland. 

A TREATISE ON DIFFERENTIAL EQUATIONS. New and 
Revised Edition. Edited by I. Todhunter. Crown 8vo. cloth. 

Professor Boole has endeavoured in this treatise to convey as complete an 
account of the present state of knowledge on the subject of Differential Equa- 
'tions, as was coftsistent with the idea of a work intended, primarily, for 
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Boole — continued. 

elementary instruction. The earlier sections of each chapter contain that 
J^ind of matter which has usually been thought suitable for the beginner^ 
'zv/iile the latter ones are devoted either to an account of recent discovery, or 
the discussion of such deeper questions of principle as are likely to present 
themsetves to the reflective student in connexion with the methods and 
processes of his previous course. " A treatise incomparably superior to 
any other dementary book on the same subject with which we are 
acqi*ainted. " — PHILOSOPHICAL Magazine. 

A TREATISE ON DIFFERENTIAL EQUATIONS. Supple- 
mentary Volume. Edited by I. Todhunter, Crown 8vo. cloth. 
8x. 6dr. 

This volume contains all that Professor Boole wrote for the purpose of 
enlarging his treatise on Differenticd Equations. 

THE CALCULUS OF FINITE DIFFERENCES. Crown 8vo. 
cloth. lOr. dd. 

In this exposition of the Calculus of Finite Differences, particular aitention 
has been paid to the connexion of its methods with those of the DiJ^erenHal 
Calculus — a connexion which in some tttstances involves far more than a 
merely formal analogy. The work is in some measure designed as a 
sequel to Professor BooUsTxt.2.\\%Q on Differential Equations. ^* As an 
original book by one of the first matfiematicians of the age^ it is out 
of all comparison with the mere second-hand compilations which have 
hitherto been alone accessible to the student" — PHILOSOPHICAL Magazine. 

Cambridge Senate-House Problems and Riders. 

WITH SOLUTIONS :— 

1848-1851.— PROBLEMS. By Ferrers and Jackson. 8vo. 

cloth. 1 5 J. 6d. 
1848-1851.— RIDERS. By Jameson. 8vo. cloth. 7^. (>d. 
1854. — PROBLEMS AND RIDERS. By Walton and 

Mackenzie. 8vo. cloth. loj. 6d. 
1857. — PROBLEMS AND RIDERS. By Campion and 

Walton. 8vo. cloth. 8j. 6d. 
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Cambridge Senate-House Problems — continued. 

i86a— PROBLEMS AND RIDERS. By Watson and Route. 

Crown 8va doth. 7^. 6<^ 
1864.— PROBLEMS AND RIDERS. By Walton and Wil- 

KiNSON. 8vo. doth. lor. 6«/. 

These volumes will bejound of great value to Teachers and Studemts, as 
indicating the style and range of mathematical study in the University oj 
Camhridge, 

CAMBRIDGE COURSE OF ELEMENTARY NATURAL 
PHILOSOPHY, for the Degree of B. A. Originally coBOfMled by 
J. C. Snowball, M.A., late Fellow of St John's College. 
Fifth Edition, revised and enlai^ed, and adapted for the Middle- 
Class Examinations by Thomas Lund, B.D., Late FeUow and 
Lecturer of St John's CoU^e, Editor of Wood's A^^ebra, &c 
Crown 8vo. doth. 5^. 

This work will be found adapted to the wants y not only of University 
Students^ hut also of many others who require a short course of Mechanics 
and Hydrostatics^ and especially of the candidates at our Middle Class 
Examinations. At the end of each chapter a series of ectsy questions is 
added for the exercise of the student, 

CAMBRIDGE AND DUBLIN MATHEMATICAL JOURNAL. 
The Complete Work, in Nine Vols. 8vo. doth, 7/. 4X. 

Only a few copies remain on hand. Among Contributors to this 
work will be found Sir fV. Thomson, Stokes, Adams, Boole, Sir fV, R. 
Hamilton, De Morgan, Cayley, Sylvester, Jellett, and other disdnguisked 
mathematicians, 

Candler.— HELP TO ARITHMETIC. Designed for the use of 
Sdiools. By H. Candler, M.A. Mathematical Master of 
Uppingham School. Extra fcap. 8vo. 2j. td. 

This work is intended as a companion to any text-book that may be 
in use, ** The main difficulties which boys experience in tJie different 
rules are skilfully dealt with and removed." — MuSEUM. 
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Chcync— Works by C. H. H. CHEYNE, M.A., F.R.A.S. 

AN ELEMENTARY TREATISE ON THE PLANETAHY 
THEORY. With a Collection of Problems. Second Edition. 
Crown 8vo. cloth, dr. 6^. 

In this volume^ an attempt has been made to produce a treatise 9n the 
J^Ianetary theory , which^ being elementary in character^ should be so far 
complete as to contain all that is usually required by students in the 
University 0/ Cambridge, In the New Edition the work has been carefully 
revised, TJie stability of the Planetary System has been more fully treatat^ 
and an elegant geometrical explanation of the formula for the secular 
variation of the node and inclination has been introduced. 

THE EARTH'S MOTION OF ROTATION. Crown 8vo. 
y, 6d, 

The first part of this work consists of an application of the method cf the 
variation of dements to the genercU problem of rotation, 2n the second 
part the general rotation formula are applied to the particular case of 
the earth, 

Childe. — THE SINGULAR PROPERTIES OF THE ELLIP- 
SOID AND ASSOCIATED SURFACES OF THE Nth 
DEGREE. By the Rev. G. F. Childe, M.A., Author of 
•* Ray Surfaces," ** Related Caustics," &c. 8vo. loj. dd. 
The object of this volume is to develop peculiarities in the Ellipsoid ; 

and, further, to establish analogous properties in the unlimited congmeric 

series of which this remarkable surface is a constituent. 

Christie.— A COLLECTION OF ELEMENTARY TEST- 
QUESTIONS IN PURE AND MIXED MATHEMATICS ; 
with Answers and Appendices on Synthetic Division, and on ihe. 
Solution of Numerical Equations by Homer's Method. By James 
R. Christie, F.R.S., late First Mathematical Master at the 
Royal Military Academy, Woolwich. Crown 8vo. cloth. &r. 6d. 

The series of Mathematiccd exercises here offered to the public is collected 
fr»m those which the author has, from time to time, proposed for solution 
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by his pupils during a long career at the Royal Military AceuUmy, A 
.student who finds that he is abU to solve the larger portion of these exercises^ 
may consider t/tat he is thoroughly well grounded in the elementary prin- 
ciples of pure and f nixed Mathematics. 

Dalton.— ARITHMETICAL EXAMPLES. Progressivelj 
arranged, with Exercises and Examination Papers. By the Rev. 
T. Dalton, M.A., Assistant Master of Eton College. iSmo. 
cloth. 2j, 6</. Answers to the Examples are appended. 

Day. — PROPERTIES OF CONIC SECTIONS PROVED 
GEOMETRICALLY. PART I., THE ELLIPSE, with 
Problems. By the Rev. H. G. Day, M.A., Head Master of 
Sedburgh Grammar School. Crown 8vo, 3^. 6^. 

The object of this book is the introduction of a treatment of Conic 
Sections which should be simple and natural^ and lead by an easy transi* 
lion to the analyiiccU methods, without departing from the strict geometry 
of Euclid, 

DodgSOn.— AN ELEMENTARY TREATISE ON DETER- 
MINANTS, with their Application to Simultaneous Linear 
Equations and Algebraical Geometry. By Charles L. Dodgson, 
M.A., Student and Mathematical Lecturer of Christ Church, 
Oxford. Small 4to. cloth. lOf. dd. 

The object of the author is to present the subject as a continuous chain of 
argument, separated from all accessories of explanation or illustration. 
All such explanation and illustration as seemed necessary' for a beginner 
are introduced, either in the form of foot-notes, or, where that would have 
occupied too much room, of Appendices, ** The work,''* says the 
Educational Times, ** forms a valuable addition to the treatises we 
possess on modern Algebra^ 

Drew.— GEOMETRICAL TREATISE ON CONIC SEC- 
TIONS. By W. H. Drew, M. A., St. John's College, Cambridge. 
Fourth Edition. Crown 8vo. cloth. 4^. dd. 
In this work the subject of Conic Sections has been placed before the student 
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D re w — continued, 

in siich a farm that, it is hoped, after mastering the elements ofEuclidy he 
may find it an easy and interesting continuation of his geometrical studies, 
VVtth a vieWf also^ of rendering the work a complete manual of what is 
required at the Universities, there have either been embodied into the text or 
iftserted among the examples, every book-work question, problem, and rider, 
-which hcu been proposed in the Cambridge examinations up to the present 
time* 

SOLUTIONS TO THE PROBLEMS IN DREW'S CONIC 
SECTIONS. Crown 8yo. cloth. 4^. (id, 

Earnshaw (S.) — partial differential equa- 

TIONS. An Essay towards an entirely New Method of Inte- 
grathig them. By S. Earnshaw, M.A., St. John's College, 
Cambridge. Crown 8vo. ^s. 

The peculiarity of the system expounded in this work is, that in every 
equation, whatever be the number of original indepetulent variables y the work 
of iittegi'ation is at once reduced to the use of one independent variable 
o7ily. The author's object is merely to render his method thoi'oughly intel- 
ligible. , The various steps of the investigation are all obedient to one 
<reneral principle, and though in some degree novels are not really difficult, 
but on the contrary easy when the eye has become accustomed to the novelties 
of the notation. Many of the results of the integrations are far more 
oeneral than they were in the shape in which they have appeared informer 
Treatises, and many Equations will be found in this Essay hUegrated 
with ease infinite terms, which were never so integrated befoi-e. 

Edgar (J. H.) and Pritchard (G. S.)— NOTE-BOOK ON 

PRACTICAL SOLID OR DESCRIPTIVE GEOMETRY. 
Containing Problems with help for Solutions. By J. H. Edgar, 
M.A., Lecturer on Mechanical Drawing at the Royal School of 
Mines, and G. S. Pritchard, late Master for Descriptive 
Geometry, Royal Military Academy, Woolwich. Second Edition, 
revised and enlarged. Globe 8vo. 31. 
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In teaching a large e/ass, if the method of lecturing and detnonstraiing 
from the black board only is pursued^ the more intelligent stttdents hcest 
generally to be kept back, from the necessity of frequent repetition, for the 
sake of the less promising ; if the plan cf setting problems to each pupil is 
adopted^ the teacher finds a difficulty in giving to each sufficient attention. 
A judicious combination of both methods is doubtless the best ; and it is 
hoped that this result may be arrived at in some degree by the use of this 
bookf which is simply a collection of examples, with helps for solution^ 
arranged in progressive sections. The new edition has been enlarged by the 
adtiition of chapters on the straight line and plane, with explanatory dia- 
grams and exercises, on tangent planes, and on the cases of the spherical 
triangle, 

Ferrers.— AN ELEMENTARY TREATISE ON TRILINEAR 
CO-ORDINATES, the Method of Reciprocal Polars, and the 
Theory of Projectors. By the Rev. N. M. Ferrers, M. A., Fellow 
and Tutor of Gonville and Caius College, Cambridge. Second 
Edition. Crown 8vo. dr. dd. 

The object of the author in ivriting on this subject has mainly been to 
place it on a basis altogether independent of the ordinary Cartesian system, 
instead of regarding it as only a special form of Abridged Notation, 
A short chapter on Determinants has been introduced. 

Frost. — THE FIRST THREE SECTIONS OF NEWTON'S 

PRINCIPIA. With Notes and Illustrations. Also a collection of 

Problems, principally intended as Examples of Newton's Methods. 

By Percival Frost, M.A., late Fellow of St. John's College, 

Mathematical Lecturer of King's College, Cambridge. Second 

Edition. 8vo. cloth. lOf. 6^. 

77ie author^ s principal intentwn is to explain difficulties which may be 

encountered by the student on first reading the Principia, and to illustrate 

the advantages of a careful study of the methods employed by Newton, by 

shovnng the extent to which they may be applied in the solution of problems ; 

he has also e?uieavoured to give assistance to the studettt who is engaged in 

the study of the higher branches of mathemcUics, by representing in a 

gwmetrical form several of the processes employed in the Differential and 

Integral Calculus, and in the analytical investigations ^Dynamics. 
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Frost and Wolstenholme. — a treatise on solid 

GEOMETRY. By Pekcival Frost, M.A., and the Rev. J. 
WoLST£NHOLM£, M.A., Fellow tuid Assistant Tutor of Christ's 
College. 8vo. cloth, i&r. 

TTie authors have endeavoured to present before students as comprehensive 
a T/i€7V of the subject as possible. Intending to make the subject accessible^ 
al least in the earlier portion^ to all classes of students^ they have endea- 
voured to explain completely all the processes which are most useful in 
dealing with ordinary theorems and problems, thus directing the student 
to the selection of methods which are best adapted to the exigencies of each 
problem. In the more difficult portions of the subject, they have considered 
themselves to be addressing a higher class of students ; and they have there 
tried to lay a good foundation on which to build, if any reader should 
-wish to pursue the science beyond the limits to which the work extends, 

Godfray.— Works by HUGH GODFRAY, M.A. Mathematical 
Lecturer at Pembroke College, Cambridge. 

A TREATISE ON ASTRONOMY, for the Use of Colleges and 
Schools, ^vo. cloth, izs, 6d, 

TTiis book embrctces all those branches of Astronomy which have, from 
time to time, been recommend^ by the Cambridge Board of MathemcUical 
Studies : but by far the larger and ecLsier portion, ctdapted to the first three 
days of the Examination for Honours, may be read by the more 
advanced pupils in many of our schools. The author's aim hcts been to 
con7jey clear and distinct ideas of the celestial phenomena, *^ It is a 
working book," says the Guardian, ^^ taking Astronomy in its proper 
place in mathematical sciences. ^ , , It is a book which is not likdy to 
be got up unintdligently.^* 

AN ELEMENTARY TREATISE ON THE LUNAR THEORY, 
with a Brief Sketch of the Problem up to the time of Newton. 
Second Edition, revised. Crown 8vo. cloth. $s, (>d, 

"' These pages will, it is hoped, form an introduction to more recondite 
works. Difficulties have been discussed at considerable length, Tlie 
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selection of the method followed with regard to analytical solutions, 
which is the same as that of Airy, Herschel^ ^r'c. was made on cucourJ 
of its simplicity ; it is, moreover y the method which has obtained in the 
University of Cambridge, ^^ As an elementary treatise and introduction 
to the subject^ we think it may justly claim to supersede all former ones.'^— 
London, Edin. and Dublin Phil. Magazine. 

Hemming.— AN ELEMENTARY TREATISE ON THE 
DIFFERENTIAL AND INTEGRAL CALCULUS, for the 
Use of Colleges and Schools. By G. W. Hemming, M.A» 
Fellow of St Jolin*s College, Cambridge. Second Edition, with 
Corrections and Additions. 8vo. cloth. 9^. 

" There is no book in common use from which so clear and exact a 
knowledge of the principles of the Calculus can be so readily obtained.^^^ 
Literary Gazette. 

Jackson.— GEOMETRICAL CONIC SECTIONS. An Elemen- 
tary Treatise in which the Conic Sections are defined as the Plane 
Sections of a Cone, and treated by the Method of Projection. 
By J. Stuart Jackson, M.A., late Fellow of Gonville and Caius 
College, Cambridge. 

This work has been written with a view to give the student the benefit oj 
the Method of Projections as applied to the Ellipse and Hyperbola. This 
method is calculcUed to produce a fnaterial simplification in the treatmem 
of those curves^ and to make the proof of their properties more easily under- 
stood in the first instance, and certainly more easily remembered. It is also 
a powerful instrument in the solution of a large class of problems relating 
to these curves. When the Method of Projections is admitted into th£ treat- 
ment of the Conic Sections, there are many reasons why they should be de- 
fiftedj not as has been the case of late years with reference to the focus and 
direction, but according to the original definition frofn which they hasK 
their name as plane sections of a cone. Among other considerations, it is 
of some importance that we can see at once from the form of the com 
the general form of the curves that may be cut from it by a plane in 
different positions ; and by turning the plane about a certain line, zue sa 
how the curves pass from one into another. 
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ones and Cheyne.— algebraical exercises. Pro- 

gressively arranged. By the Rev. C. A. Jones, M. A., and C. H. 
Cheyne, M. A. , F. R. A. S. , Mathematical Masters of Westminster 
School. New Edition. i8mo. doth. 2j. 6^. 

TTi^ little hook is intended to meet a difficulty which is probably fdt more 
•r less by all engaged in teaching Algebra to beginners. It is^ that while 
tew ideas are being acquired, old ones are forgotten. In the belief that 
'onstant practice is the only remedy for this, the present series of miscel- 
'aneoits exercises has been prepared. Their peculiarity consists in this, 
^hat though miscellaneous they are yet progressrvCy and may be used by 
'he pupil almost from the commencement of his studies. They are not 
Intended to supersede the systematically arranged examples to be found in 
ordinary treatises on Algebra, but rather to supplement them. The book 
being intended chiefly for Schools and Junior Students, the higher parts 
of Algebra have not been included. 

Kitchener.— A geometrical NOTE-BOOK, containing 
Easy Problems in Geometrical Drawing preparatory to the Study 
of Geometry. For the Use of Schools. By F. E. Kitchener, 
M. a.. Mathematical Master at Rugby. 4to. 2s, 

It is the object of this book to make someway in overcoming the difficulties 
of Geometrical conception, before the mind is called to the attack of 
Geometrical theorems, A Jew simple methods of construction are given ; 
and space is left on each page, in order that the learner may draw in the 
figures, 

Morgan.— A collection of problems and exam- 

PLES in mathematics. With Answers. By H. A. 
Morgan, M.A., Sadlerian and Mathematical Lecturer of Jesus 
College, Cambridge. Crown 8vo. cloth. 6j. (id. 

This book contains a number of problems, chiefly elementary, in the 
Mathematical subjects usually read at Cambridge, They have been 
selected from the papers set during late years at Jesus College, Very few 
ef them are to be met with in other collections, and by far the larger 
number are due to some oj the most distingitished Mathematicians in the 
University, _ 
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Newton's PRINCIPIA. Edited by Professor Sir W. Thoiisox 
and Professor Blackburn. 410. cloth. 31J. 6^. 

// ii a sufftcient guaranUe of the rdiabilUy ef this complete edUion cj 
NewtofCs Principia that it has been printed for and under the care ofPny 
fessor Sir William Thomson and Professor Blackburn^ of Glasgow Cm- 
versity. The following notice is prefixed : — * * Finding that all the editions 
of the Principia are now out of print, we have been induced to reprint 
NeuftorCs last edition [of 1 726] without note or comment^ only introducing 
the * Corrigenda* of the old copy and correcting typographical errors,'' 
The book is of a handsome size, with large type, fine thick paper, and cleanly 
cut figures, and is the only modern edition containing the whole of Newton s 
great work, 

Parkinson. — ^Works by S. Parkinson, D.D., F.R.S,, Fellowand 
Tutor of St John's College, Cambridge. 

AN ELEMENTARY TREATISE ON ACECHANICS. For the 
Use of the Junior Classes at the University and the Higher Classes 
in Schools. With a Collection of Examples. Fourth edition, revised. 
Crown 8vo. cloth. 9^. 6d, 

In preparing a fourth edition of this work the author has kept the sanu 
object in view as he had in the former editions — namely, to include in ii 
such portions of Theoretical Mechanics as can be conveniently investigated 
without the use of the Differential Calculus, and so render it suttable as 
a manual for the junior classes in the University and the higher classes 
in Schools. With one or two short exceptions, the student is not presumed 
to require a knowledge of any branches of MoihemoHcs beyond the dements 
of Algebra, Geometry, and Trigonometry, Several additional propositions 
have been incorporated in the work for the purpose of rendering ii more 
complete; and the collection of Examples and Problems has been largdy 
increased, 

A TREATISE ON OPTICS. Third Edition, revised and enlarged. 
Crown 8vo. doth. lar. 6d. 

A collection of examples and problems has been appended to this work 
which are sufficiently numerous and varied in character to afford useful 
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tercise fiyr the student For the greeUer pari of them^ recourse has been 
ad to the Excunination Papers set in the University and the several 
alleges during the last twetity years, 

^hear. — ELEMENTARY HYDROSTATICS. With Numerous 
Examples. By J. B. Phear, M.A., Fellow and late Assistant 
Tutor of Clare College, Cambridge. Fourth Edition. Crown 
8vo. doth. 5^. 6d» 

This edition has been carefully revised throughonty and many new 
Uustrations and examples added, which it is hoped will increase its 
usefulness to students at the Universities and in Schools, In accordance 
uith suggestions from many engaged in tuition, answers to all the 
Examples have been given at the end of the booh, 

Pratt. — A TREATISE ON ATTRACTIONS, LAPLACE'S 
FUNCTIONS, AND THE FIGURE OF THE EARTH. 
By John H. Pratt, M.A., Archdeacon of Calcutta, Author of 
*< The Mathematical Principles of Mechanical Philosophy. " Fourth 
Edition. Crown 8vo. cloth, dr. 6d, 

77ie author^ s chief design in this trecUise is to give an answer to the 
mesiion, " Has the Earth acquired its present form from being originally 
n a fluid state f " This Edition is a complete revision qfthe former ones. 

Puckle.— AN ELEMENTARY TREATISE ON CONIC SEC- 
TIONS AND ALGEBRAIC GEOMETRY. With Numerous 
Examples and Hints for their Solution ; especially designed for the 
Use of Beginners. By G. H. Puckle, M.A., Head Master of 
Windermere College. New Edition, revised and enlarged. Crown. 
8vo. cloth. Is, 6d, 

This worh is recommended by the Syndicate of the^ Cambridge Local 
Examinations, and is thetext-book in Harvard University, US, The 
Athen^um se^s the author *^ displays an intimate acquaintance 
with the difficulties likely to be felt, together with a singular aptitude in 
*'emozdng them. " 
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Rawlinson,— ELEMENTARY STATICS, by the Rev. Georgi| 
Rawlinson, M. a. Edited by the Rev. Edward Sturges,M.A., 
of Emmanuel College, Cambridge, and late Professor of the Applkij 
Sciences, Elphinstone College^ Bombay. Crown Svo. doth. 4r. 

Published under the authority of Her Majesty s Secretary of State 
India, for use in the Government Schools and Colleges in India, 

Reynolds.— MODERN METHODS IN ELEMENTARI 
GEOMETRY. By E. M. Reynolds, M.A., Mathematidj 
Master in Clifton College. Crown 8vo. 31. 6d. 
Some change^ it isevident, in our English ways of teaching can nm «i| 
longer be postponed, and this little hook, mainly derived from French eni 
German sources, has been written in the hope of facilitating that chan^ 
It has been constntcted on one plan throughout, thai of always giving ix 
the simplest possible form the direct proof from the nature ofth£ case. Tkt 
axioms necessary to this simplicity have been assumed without hesitatkr. 
attd no scruple has been felt as to the increase of their number, or th 
acceptance of as many elementary notions as common experience place 
past all do7tbt. The book differs most from estahlished teaching in its con- 
structions, and in its early application of Arithmetic to Geometry, 

Routh.—AN ELEMENTARY TREATISE ON THE DYNA- 
MICS OF THE SYSTEM OF RIGID BODIES. Witt 
Numerous Examples. By Edward John Routh, M.A., late 
Fellow and Assistant Tutor of St. Peter's Collie, Cambridge; 
Examiner in the University of London. Second Edition, enlarged. 
Crown 8vo. cloth, i^r. 

In this edition the author has made several additions to each chapter 
He has tried, even at the risk of some little repetition, to make eaci 
chapter, as far as possible, complete in itself, so that all that relates to an 
one part of the subject may be found in the sameplcKC. This arrangemen 
will enable every student to select his own order in which to read th 
subject. The Examples which will be found at the end of each chapte 
have been chiefly selected from the Examination Papers which have bet. 
set in the University and the Colleges in the last few years. 
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WORKS 
By the REV. BARNARD SMITH, M.A., 

Rector of Glaston, Rutland, late Fellow and Senior Bursar 
of St. Peter's Collie, Cambridge. 

ARITHMETIC AND ALGEBRA, in their Principles and AppUca- 
tion ; with numerous systematically arranged Examples taken from 
the Cambridge Examination Papers, with especial reference to the 
Ordinary Examination for the B.A. Degree. Eleventh Edition. 
Crown 8vo. doth. lor. 6^^. 

TTiis Manual is now exiensiudy used in Schools and Coll^s^ both in 
England and in the Colonies, It has also been found of great service for 
students preparing for the Middle Class and Civil and Military Service 
Examinations, from the care that has been taken to elucidate the principles 
of cUl the rules. The present edition has been carefully revised, " 7> 
all those whose minds are sufficietttly developed to comprehend the simplest 
mathetnatical reasoning, and who have not yet thoroughly mcutered the 
principles of Arithmetic and Algebra, it is calculated to be of great 
advantage, " — AxHENiEUM. Of this work, alsOj one of the highest possible 
authorities, the late Dean Peacock, writes: ^ Mr, Smith* s work is a most 
useful publication. The rules are stated with great clearness, Thi 
examples are well sdected, and worked out with just sufficient detail, 
without being encumbered by too minute explaftations ; and there prevails 
throughout it that just proportion of theory and practice^ which is the 
crowning excellence of an elementary work," 

ARITHMETIC FOR SCHOOLS. New Edition. Crown 8vo. 
cloth. 4J. 6d, 

Adapted from the author^s work on " Arithmetic and Algebra,^* by the 
omission qf the algebraic portion, and by the introduction of new exercises, 

C 
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Smith (Barnard) — continued. 

The reason of each aritkmeiical process is Jully exhibUed, The system of 
Decimal Coinage is explained; and answers to the exercises are appended 
at the end. This Arithmetic is characterised as " admirably adapted for 
instruction^ combining just sufficient theory with a large and well-sdecUd 
collection of exercises for practice,*^ — ^Journal of Education, 

A KEY TO THE ARITHMETIC FOR SCHOOLS. Eighth 
Edition. Crown 8vo. doth. &r. 6d, 

EXERCISES IN ARITHMETIC With Answers. Crown 8vo. limp 
cloth. 2J. 6cL 

Or sold separately, Part L is, ; Part II. is. ; Answers, 6d, 

These Exercises have been published in order to give the pupil exampla 
in every rule of Arithmetic, T/ie greater number have been carefuUj 
compiled from the latest University and School Examination Papers, 

SCHOOL CLASS-BOOK OF ARITHMETIC. i8mo. cloth, y. 
Or sold separately, Parts I. and II. lod, each ; Part III. ij. 

This manual, published at the request of many schoolmasters, and 
chiefly intended for National and Elementary Schools, has been prepared 
on the same plan as that adopted in the author^ s School Arithmetic, which 
is in extensive circtdation in England and abroad. The Metrical Tabla 
have been introduced, from the conviction on the part of the author, that 
the knowledge of such tables, and the mode of applying them, ivill be oj 
great use to the rising generation, 

KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC. Com- 
plete in one volume, iSmo. cloth, dr. td, ; or Parts I. II. and IIL 
2J. bd, each. 

SHILLING BOOK OF ARITHMETIC FOR NATIONAL AND 
ELEMENTARY SCHOOLS. i8mo. cloth. Or separately, 
Part 1. 2</. ; Part II. yi, j Part III. id. Answers, dd. 
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Smith (^zxmxA)— continued. 

THE SAME, with Answers complete. iSmo. cloth, is, 6d, 

T^is Shilling Book of Arithmetic has been prepared for the use of 
/National and other schools at the urgent request of numerous masters of 
schools both at home and abroad. The Explanations of the Rules^ and 
the Examples will^ it is hoped, be found suited to the most elementary 
classes. 

KEY TO SHILLING BOOK OF ARITHMETIC. i8mo. cloth. 
4/. dd. 

EXAMINATION PAPERS IN ARITHMETIC. iSmo. cloth. 
If. 6</. The same, with Answers, i8mo. \s. ^d. 
The object of these Examination Papers is to test students both in the 
theory and preutice of Arithmetic, It is hoped that the method adopted 
Ttnll lead students to deduce results from general principles rather than 
to apply stctied rules. The author believes that the practice of giving 
examples under particular rules makes the working of Arithmetic quite 
mechaniccd, and tends to throw all but very clroer boys off their balance 
vfhen a general paper on the subject is put before them. 

KEY TO EXAMINATION PAPERS IN ARITHMETIC. 
i8mo. cloth. 4J. 6d. 

THE METRIC SYSTEM OF ARITHMETIC, ITS PRINCIPLES 
AND APPLICATION, with numerous Examples, written 
expressly for Standard V. in National Schools. Fourth Edition. 
iSmo. cloth sewed. yL 

In the New Code of Regulations issued by the Council of Education it 
is stated " that in all schools children in Standards V. and F/. should 
know the principles of the Metric System^ and be able to explain the 
advantages to be gained from uniformity in the method of forming multiples 
and sub-multiples of the unit,^^ In this little book, Mr, Smithy in a 
clear^ simple,, and interesting manner^ explains the principle of the 
Metric System, and in considerable detail expounds the French system^ 
and its relation to the ordinary English method, tcJnng the pupil 

C 2 
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Smith (Barnard) — cmtinued. 

far as Compound Division, 7^ Book contains numerous Examples, and 
two Vfood-cuts illustrating the Metric Todies of Surface and Solidity, 
Answers to the Examples are appended 

A CHART OF THE METRIC SYSTEM, on a Sheet, size 42 in. 
by 34 in. on Roller, is, 6d. On Roller, mounted and varnished, 
price y. 6d, Third Edition. 

By the New Educational Code it is ordained that a Chart of the Metric 
System be conspicuously hung up on the walls of every school under 
Government inspection. The publishers believe that the present Chart wiU 
be found to answer all the requirements of the Code, and afford a full and 
perfectly intdligible view of the principles of the Metric System. The 
principle of the system is clearly stated and illustrated by examples ; the 
Method of Forming the Tables is set forth ; Tables follaiv, clearly showing 
the En^ish equivalent of the French measures of—l. Length ; 2. Surface; 
^.Solidity; 4. Weight; $. Capacity, At the bottom of the Chart is drawn 
ajull-length Metric Measure, subdivided distinctly and intelligently into 
Decimetres, Centimetres, and Millimetres, 

Also a Small Chart on a Card, price id, 

AN EASY METHOD OF TEACHING ARITHMETIC IN 
NATIONAL AND ELEMENTARY SCHOOLS. 

jyUs book will be accompanied by diagrams for the walls of school' 
rooms, which will, it is hoped, readily explain Decimal Notation^ &*c.f 
and make the acquisition of the Metric System by children an easy task. 
The book will also be accompanied by a very large number of Examples 
and Examination Papers, [Niearly ready, 

THE METRIC ARITHMETIC. 

This book will go thoroughly into the principles of the System, intro- 
ducing the money tables of the various countries which have adopted it, 
and containing a very large number of Examples and Examination 
Papers, {Nearly ready. 
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Smith (J. Brook).— ARITHMETIC IN THEORY AND 
PRACTICE, FOR ADVANCED PUPILS. By J. Brook 
Smith, M.A. Part I. Crown 8vo. 3^. 6^. Complete 41. 6^. 

This volume forms the first part of a Treatise on Arithmetic^ in 
which the author has endeaivoured from very simple principles to explain, 
in a full and satisfactory manfter, all the more important processes in 
that subject. The proofs have in all cases been given in a form entirely 
arithmetical^ and at the end of every chapter several examples have been 
worked out at lengthy and the best practical method of operation carefully 
pointed out. 

Snowball.— THE elements of plane and SPHERI- 
CAL TRIGONOMETRY; with the Construction and Use of 
Tables of Logarithms. By J. C. Snowball, M.A. Tenth Edition. 
Crown 8vo. cloth, yj. 6^, 

In preparing the present edition for the press, the text has been 
subjected to a careful revision ; the proofs of some of the more impor^ 
tant propositions heme been rendered more strict and general ; and a 
considerable addition of more than two hundred examples, taken princi' 
pally from the questions set of late years in the public examinations of the 
University and of individual Colleges, has been made to the collection of 
Examples and Problems for practice, 

Tait and Steele.— a treatise on dynamics of a 

PARTICLE. With numerous Examples. By Professor Tait and 
Mr. Steele. New Edition Enlarged. Crown 8vo. cloth. lor. 6d, 

In this treatise will be found all the ordinary propositions, connected 
with the Dynamics of Particles, which can be conveniently deduced without 
the use of D^Alembert^s Principle, Throughout the book will be found a 
number of illustrative examples introduced in the text, and for the most 
part completely worked out ; others with occasional solutions or hints to 
assist the student are appended to each chapter. For by far the greater 
portion of these, the Cambridge Senate-House and College Examination 
Papers have been applied to. In the new edition numerous trivial errors, 
and a few of a more serious character, have been corrected, while many 
new examples have been added. 
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Taylor,— GEOMETRICAL CONICS; induding Anhannonic 
Ratio and Projection, with numerous Examples. By C, Taylor, 
B. A., Scholar of St. John's College, Cambridge. Crown 8vo. doth. 
7j. (id. 

This work contains elementary proof s of the principal properties of Com 
Sections^ together with chapters on Projection and Anhamionic Ratio,. 

Tebay.— ELEMENTARY MENSURATION FOR SCHOOLS. 

With numerous Examples. By Septimus Tebay, B.A., Head 

Master of Queen Elizabeth's Grammar School, Rivington. Extra 

fcap. 8vo. 3J. 6rf. * 

The object of the present work is to enable boys to enquire a moeUrati 

knowledge of Mensuration in a reasonable time. All difficult and useless 

matter has been avoided. The examples for the most part are easy^ and 

the rules are concise, ** A very compact useful manual, ** — Spectator. 
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WORKS 
By I. TODHUNTER, M.A., F.R.S., 

Of St John's College, Cambridge, 

** They are all good, and each volume adds to the value of the rest" — 
Freeman. " Perspicuous language^ vigorous iwvesiigationsy scrutiny of 
difficulties^ and methodical treatmenty characterise Mr, Todhunter's 
works." — Civil Engineer. 

THE ELEMENTS OF EUCLID. For the Use of Colleges and 

Schools. New Edition. i8mo. cloth. 3;. 6d, 
' As the Elements of Euclid are usually placed in the hands of young 
students, it is important to exhibit the work in such a form as wUl assist 
them in overcoming the difficulties which they experience on their first tn^ 
troduction to processes of continuous argument. No method appears to be 
so useful as that of breaking up the demonstrations into their constituent 
parts ; a plan strongly recommended by Professor Dt Morgan. -« ^ 
present Edition each distinct assertion in the argument begins a *^^^ *ug 
and at the ends of the lines are placed the necessary references to 
preceding principles on which the assertions depend. The longer proposi- 
tions are distributed into subordinate parts, which are distinguished oy 
breaks at the beginning of the lines. Notes^ Appendix, and a collection of 
Exercises are added. 

MENSURATION FOR BEGINNERS. With numerous Examples. 

New Edition. i8rao. cloth. 2s. 6d, 

The subjects included in the present work are those which have usually 

found a place in Elementary Treatises on Mensuration. The mode of 

treatment has been determined by the fact that the work is intended for the 

use of beginners. Accordingly it is divided ittto short independent chapters, 

which are followed by appropriate examples. A knowledge of the elements 

of Arithmetic is all that is assumed; and in connection with ntost of the 

Rules (^Mensuration it has been found practicable to give such explana^ 
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Hons and iilustratums as will supply the place of formal mathemaikal 
demonstrations^ which would have been unsuitable to the character of thi 
work, •• For simplicity and clearness of arrangement it is unsurpassed 
by any text-book on the subject which has come under our notice,"^ 
Educational Times. 

ALGEBRA FOR BEGINNERS. With niunerous Examples. New 
Edition. i8mo. doth. 2J. 6d, 

Great pains have been taken to render this work intelligible to young 
students^ by the use of simple language and by copious explanations. In 
determining the subjects to be included and the space to be assigned to eacky 
the author has been guided by the papers given at the various examinations 
in elementary Algebra which are now carried on in this country. The 
book may be said to consist of three parts. The first part contains the 
dementary operations in int^al and practional expressions; the second 
the solution of equations and problems; the third treats of various subjects 
which are introduced but rarely into examination papers^ and are more 
briefly discussed. Provision has at the same time been made for the 
introduction of ecuy equations and problems at an early stage— for thosi 
who prefer such a course, 

KEY TO ALGEBRA FOR BEGINNERS. Crown 8vo. doth. 
6s. 6d. 

TRIGONOMETRY FOR BEGINNERS. With numerous Examples. 
New Edition. l8mo. doth, zs, 6d, 

IrUended to serve as an introduction to the larger treatise on Plane 
Trigonometry^ published by the author. The same plan has been adopted 
at in the Algebra for Beginners : the subject is discussed in short chapters^ 
and a collection of examples is attached to each chapter. The first fourteen 
chapters present the geometrical part of Plaru Trigonometry; and contain 
all that is necessary for practical purposes. The range of matter included 
is such as seems required by the various examinations in elementary Tri' 
gonometry which are runv carried on in the country, Aftswers are 
appended. 
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MECHANICS FOR BEGINNERS. With numerous Examples. 
Second Edition. iSmo. doth. 47. 6d, 
InteruUd as a companion to the two preceding books. The work forms 
an elefnentary treatise on demonstrate mechanics. It may be true that 
this part of mixed mathematics has been sometimes made too abstract and 
speculative; but it can hardly be doubted that a knowledge of the elements 
at least of the theory of the subject is extremely valuable even for those who 
are tnainly concerned with practical results. The author has accordingly 
endeaiHnired to prauide a suitable introduction to the study of applied as 
well as of theoretical mechanics. The work consists oftwoparts^ namely^ 
Statics and Dynamics. It wUl be found to contain all that is usually 
comprised in dementary treatises on Mechanics^ together with somt additions, 

ALGEBRA. For the Use of Colleges and Schools. Fifth Edition. 
Crown 8vo. cloth. 7j. ^d. 
This work contains all the propositions which are usually included in 
eUmeniary treatises on Algebra^ and a large number of Examples for 
Exercise. The author has sought to render the tvork easily intelligible to 
students^ without impairing the accuracy of the demonstrations^ or con* 
trading the limits of the subject. The Examples^ about Sixteen hundred 
and fifty in number^ have been selected with a view to illustrate every part 
of the subject. Each chapter is complete in itself; and the work wiU be 
found peculiarly adapted to the wants of students who are without the aid 
of a teacher. The Answers to the Examples , with hints for the solution of 
some in which assistance may be needed^ are given at the end of the book. 
In the present edition two New Chapters and Three hundred miscdlaneous 
Examples have been added. The latter art arranged in sets, each set 
containing ten Examples, " It has merits which unquestiomibly place 
it first in the class to which it bdongs" — Educator. 

KEY TO ALGEBRA FOR THE USE OF COLLEGES AND 

SCHOOLS. Crown 8vo. lOf. (id. 
AN ELEMENTARY TREATISE ON THE THEORY OF 

EQUATIONS. Second Edition, revised. Crown 8vo. doth* 

7x. 6d. 
This treatise contains all the propositions which are usually included 



4a EDUCATIONAL BOOKS. 



Todhunter (I.) — continued, 

in elementary treatises on the theory of Equations^ together with Examples 
for exercise. These have been sdected from the College and Universiiy 
Examination Papers^ and the results have been given when it appeared 
necessary. In order to exhibit a comprehensive inew of the subject, the 
treatise includes investigations which are not found in all the preceding 
elementary treatises^ and also some investigations which are not to be found 
in any of them. For the Second Edition the work' has been revised and 
some additions have been made^ the most important being an cucount of 
the researches of Professor Sylvester respecting Newtot^s Pule, **A 
thoroughly trustworthy, complete, and yet not too elaborate treatise." 
Philosophical Magazine. 

PLANE TRIGONOMETRY. For Schools and Colleges. Fourth 
Edition. Crown 8vo. doth. 5^. 

The design of this work has been to render the subject intdligible to 
beginners, and at the same time to afford the student the opportunity oj 
obtaining all the information which he will require on this branch oj 
Mathematics, Each chapter is followed by a set of Examples : those 
which are entitled Miscellaneous Examples, together ivith a few in some 
of the other sets, may be advantageously reserved by the student for exercise 
after he has made some progress in the subject. In the Second Edition 
the hints for the solution oJ the Examples have been considerably increased, 

A TREATISE ON SPHERICAL TRIGONOMETRY. New 
Edition, enlarged. Crown Sto. doth. 4J. 6d, 

The present work is constructed on the same plan as the treatise on 
Plane TVigonometry, to which it is intended as a sequel. In the accemnt 
of Napief^s Rules of Circular Parts, an explanation has been given of a 
method of proof devised by Napier, which seems to have been overlooked 
by most modem writers on the subject. Considerable labour has been 
bestowed on the text in order to render it comprehensive and etccurcUe, and 
the Examples {selected chiefly from College Examination Papers) have 
all been carefully verified, ** For educational purposes this work seems 
to be superior to any others on the subject,** — Critic 
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PLANE CO-ORDINATE GEOMETRY, as applied to the Straight 
Line and the Conic Sections. With numerous Examples. Fourth 
Edition, revised and enlarged. Crown 8vo. cloth. 7^. 6d, 

7%e author has here endeavoured to exhibit the subject in a simple 
tnannerfor the benefit oj banners, and at the same time to include in one 
volume all that students usually require. In addition^ therefore^ to the 
propositions which have always appeared in such treatises^ he has intro- 
duced the methods of abridged notation, which are of more recent origin ; 
these methods, which are of a less elementary character than the rest of the 
vforky are placed in separate chapters, and may be omitted by the student 
at first, 

A TREATISE ON THE DIFFERENTIAL CALCULUS. With 
numerous Examples. Fifth Edition. Crown 8vo. cloth. lor. 6d. 

77ie author has endeavoured in the present ivork to exhibit a compre* 
hensive view of the Differential Calculus on the method of limits. In the 
more elementary portions he hcu entered into considerable detail in the 
explanations, with the hope that a reader who is without the assistance of a 
tutor may be enabled to acquire a competent acquaintance with the subject, 
Tlie method adopted is that of Differential Coefficients, To the different 
chapters are appended examples sufficiently numerous to render another 
book unnecessary ; these examples being mostly sdected from College Ex* 
amination Papers, ** It has already taken its place as the text-book 
on that subject** — PHILOSOPHICAL Magazine. 

A TREATISE ON THE INTEGRAL CALCULUS AND ITS 
APPLICATIONS. With numerous Examples. Third Edition, 
revised and enlarged. Crown 8vo. cloth. lor. 6d, 

This is designed as a work ctt once elementary and compute, adapted 
for the use of beginners, and sufficient for the wants of advanced students. 
In the selKtion of the propositions, and in the mode of establishing them, 
it has been sought to exhibit the principles clearly, and to illustrate 
all their most important results. The process of summation has been 
repeatedly brought forward, with the view of securing the attention of 
the^ student tojhe notions which form the true foundation of the Calculus 
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itself , as well as of its most valuable applications. Every attempt has been 
made to explain those diffieulties which usually perplex beginners, especially 
with reference to the limits of integrations, A new method has been adopted 
in regard to the transformation of multiple integrals. The last chapter 
deals with the Calculus of VarioUions, A large collection of exercises^ 
selected from College Examination Papers, has been appended to the several 
chapters, 

EXAMPLES OF ANALYTICAL GEOMETRY OF THREE 
DIMENSIONS. Second Edition, revised. Crown 8vo. doth 4J. 

A TREATISE ON ANALYTICAL STATICS. With numerous 
Examples. Third Edition, revised and enlarged. Crown 8vo. 
cloth. lor. 6^. 
In this work on statics {treating of the laws of the equilibrium of bodies) 
will be found all the propositions which usually appear in treatises on 
TheoreticaJ Statics, To the different chapters examples are appended, 
which have been principally selected from University Examination Papers, 
In the Third Edition many additions have been made, in order to illus' 
trate the application of the principles of the subject to the solution of 
problems, 

A HISTORY OF THE MATHEMATICAL THEORY OF 
PROBABILITY, from the time of Pascal to that of Laplace. 
8vo. i8j. 
The subject of this volume has high claims to consideration on account of 
the subtle problems which it involves^ the valuable contributions to analysis 
which it has produced, its important practical applications, and the emi- 
nence of those who have cultivated it. The subject claims all the interest 
which illustrious names can confer : nearly every great nmthematician 
within the range of a century and a half comes up in the course of the 
history. The present work, though principally a history, may claim the 
title of a comprehensive treatise on the Theory of Probability, for it assumes 
in the reader only so much knowledge as can be gained from an elementary 
book on Algebra, and introduces him to almost every process and every 
species of problem which the literature of the subject can furnish. The 
author has been careful to reproduce the essential elements of the original 
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works 'which he has analysed^ and to corroborate his statements by exact 
quotations from the originals^ in the languages in which they were 
published, 

RESEARCHES IN THE CALCULUS OF VARIATIONS, 
principally on the Theory of Discontinuous Solutions : an Essay 
to which the Adams Prize was awarded in the University of Cam- 
bridge in 187 1. 8vo. 6j. 
The subject of this Essay was prescribed in the following terms by the 
Exaniifters : — ^* A determinatioft of the circumstances under which dis- 
continuity of any kind presents itself in the solution of a problem of 
maximum or minimum in the Calculus of Variations^ and applications to 
particular instances. It is expected that the discussion of the instances 
should be exemplified as far as possible geometrically ^ and that attention be 
especially directed to cases of real or supposed failure of the Calculus, " The 
Essay i then, is mainly devoted to the consideration of discontinuous solutions; 
but incidentally various other questions in the Calculus of Variations are 
examined and elucidated. The author hopes that he has definitely contri- 
buted to the extension and improvement of our knowledge of this refined 
department of analysis. 



Wilson (J. M.)— ELEMENTARY GEOMETRY. Angles, 
Parallels, Triangles, Equivalent Figures, the Circle, and Propor- 
tion. By J. M. Wilson, M. A., late Fellow of St. John's College, 
Cambridge, and Mathematical Master of Rugby School. Second 
Edition. Extra fcap. 8vo. y, 6d, 
The distinctive features of this work are intended to be the following. 
TTie classification of Theorems according to their subjects ; the separation 
of Theorems and Problems ; the use of hypothetical constructions ; the 
adoption of independent proof s where they are possible and simple ; the 
introduction of the /^rmx locus, projection, &c. ; the importance given to 
the notion of direction as the property of a straight line ; the intermixing 
of exercises, classified according to the methods adopted for their solution ; 
the diminution of the number of Theorems ; the compression of proofs ^ 
cspecuUly in the later parts of the book ; the tacit, instead of the explicit^ 
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reference to axioms ; and the treatment of parallels. * ' The methods eni' 
ployed have the great merit of suggesting a ready application to the solution 
of fresh problems*^ — Guardian. 

ELEMENTARY GEOMETRY. PART H. (separtitdy). ThcCirck 
and Proportion. By J. M. Wilson, M. A. Extra fcap. 8vo. 2f. 6d. 

Wilson (^V. p.)— A TREATISE ON DYNAMICS. By 
W. P. Wilson, M.A., Fellow of St. John's CoU^e, Cambridge, 
and Professor of Mathematics in Queen's College^ Belfast. 8vo. 
Qj. 6d. 
SOLID GEOMETRY AND CONIC SECTIONS. With Appen- 
dices on Transversals and Harmonic Division. For the use of 
Schools. By J. M. Wilson, M.A. Extra fcap. 8vo. ^.6d. . 
This work is an endeavour to introduce into schools some portions of 
Solid Geometry which are now very little read in England. The first 
twenty-one Propositions of Euclid* s Eleventh Book are usually all the 
Solid Geometry that a boy reads till he meets with the subject again in the 
course of his analytical studies. And this is a matter of regret, became 
this part of Geometry is specially valuable and attractive. In it the atten- 
tion of the student is strongly called to the subject matter of the reasoning; 
the geometrical imagination is exercised ; the methods employ&i in it 
are more ingenious than those in Plane Geometry, and have greater diffi- 
culties to meet ; and the applications of it in practice are more varied. 

Wolstenholme. — a BOOK OF MATHEMATICAL 
PROBLEMS, on Subjects included in the Cambridge Course. 
By Joseph Wolstenholme, Fellow of Christ's College, some- 
time Fellow of St John's College, and lately Lecturer in Mathe- 
matics at Christ's College. Crown 8vo. cloth. 8j. 6^. 
Contents: — Geometry {Euclid) — Algebra — Plane Trigonometry— 
Geometrical Conic Sections — Analytical Conic Sections — Theory of Equa- 
tions — Differential Calculus — Integral Calculus — Solid Geometry — Stutia 
— Elementary Dynamics — Newton — Dynamics of a Point — Dynamics of 
a Rigid Body — Hydrostatics — Geometrical Optu:s — Spherical Trigonometry 
and Plane Astronomy. ** Judicious, symmetrical, and well arranged." — 
Guardian. 
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ELEMENTARY CLASS-BOOKS. 

The importance of Science as an element of sound educa- 
tion is now generally acknowledged; and accordingly it 
is obtaining a prominent place in the ordinary course of 
school instruction. It is the intention of the Publishers to 
produce a complete series of Scientific Manuals, affording 
full and accurate elementary information, conveyed in clear 
and lucid English. The authors are well known as among 
the foremost men of their several departments ; and their 
names form a ready guarantee for the high character of the 
books. Subjoined is a list of those Manuals that have 
already appeared, with a short account of each. Others 
axe in active preparation ; and the whole will constitute a 
standard series specially adapted to the requirements of be- 
ginners, whether for private study or for school instruction. 

ASTRONOMY, by the Astronomer Royal. 

POPULAR ASTRONOMY. With Illustrations. By G. B. 
Airy, Astronomer Royal. Sixth and cheaper Edition. i8mo. 
cloth. 4J. 6^. 

ft 

Tkis work consists of six lectures, which are intended " to explain to 
intelligent persons the principles on which the instruments of an Observa' 
tory are constructed (omitting all details, so far as they are merely stib* 
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tidiafy)^ and the principles on which the observations made with then 
instruments are treated for deduction of the distances and weights of the 
bodies of the Solar System^ and of a few stars, omitting' all mintitia of 
fbrmulcB, and all troublesome details of calculation,'^'* The speciality of Has 
volume is the direct reference of every step to the Observatory^ and thefuU 
description of the methods and instruments of observation. 

ASTRONOMY. 

MR. LOCKYER'S ELEMENTARY LESSONS IN ASTRO- 
NOMY. With Coloured Diagram of the Spectra of the Sun, 
Stars, and Nebulae, and numerous Illustrations. By J. Norman 
LocKYKR, F.R.S. Eighth Thousand. i8mo. 5j. 6</. 
The author has here aimed to give a connected view of the whole suhfect^ 
and to supply fdcts^ and idecu founded on thefacts^ to serve as a basis for 
subsequent study and discussion. The chapters treat of the Stars and 
Nebults; the Sun: the Solar System; Apparent Movements of the Heavenly 
Bodies; the Measurement of Time; Light; the Telescope and Spectroscope; 
Apparent Places of the Heavenly Bodies ; the Reed Distances and Dimen' 
sions; Universal Gravitation, The most receHt astronomical discoveries 
are incorporated, Mr, Locfyer^s work supplements that of the Astronomer 
Royai mentioned in the previous article, " The book isfuU, clear j sounds 
and worthy of attention^ not only as a popular exposition^ but as a scientific 
• Index,* "— ATHKNi«UM. ** The most fascinating of elementary books 
on the Sciences,** — Nonconformist. 

QUESTIONS ON LOCKYER'S ELEMENTARY LESSONS 
IN ASTRONOMY. For the use of Schools. By John Forbes- 
Robertson. i8mo. doth limp, is, 6d, 

PHYSIOLOGY. 

PROFESSOR HUXLEY'S LESSONS IN ELEMENTARY i 
PHYSIOLOGY. With numerous Illustrations. By T. H. 
Huxley, F.R.S., Professor of Natural History m the Royal Schod I 
of Mines. Twentieth Thousand. i8mo. dodu 4^. 6d, 
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T^is book describes and explains^ in a series of graduated lessons, the 
principles of Human Physiology ; or the Structure and Functions of the 
Human Body, The first lesson supplies a general viea) of the subject, 
TTiis is followed by sections on the Vascular or Venous System^ and the 
Circulation; the Blood and the Lymph; Respiration; Sources of Loss 
and of Gain to the Blood; the Function of Alimentation ; Motion and 
Locomotion ; SenscUions and Sensory Organs; the Organ of Sight ; the 
Coalescence of Sensations with one another and with other States of Con- 
sciousness ; the Nervous System and Innervation; Histology, or the 
Minute Structure of the Tissues. A Table of Anatomical and Fhysiv 
logical Constants is appended. The lessons are fully illustrated by 
numerous engravings. ^^ Pure gold throughout,''^ — GUARDIAN. " Un* 
questionably the clearest and most complete elementary treatise on this 
subject that we possess in any language,'^ — Westminster Review. 

QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR SCHOOLS. 
By T. Alcock, M.D. i8mo. u. td, 

TTiese Questions were drawn up as aids to the instruction of a class of 
young people in Physiology. 

BOTANY. 

PROFESSOR OLIVER'S LESSONS IN ELEMENTARY 
BOTANY. With nearly Two |Hundred Illustration*. Twelfth 
Thousand. i8mo. cloth. 4r. dd. 

TTiis book is designed to teach the Elements of Botany on Professor 
Henslort^s plan of selected T^pes and by the use of Schedules, The earlier 
chapters, embrcKtng the elements of Structured and Physiological Botany, 
introduce us to the methodical study of the Ordinal Types, The con* 
eluding chapters are entitled, ** How to dry Plants^* and ^^ How io 
describe Plants," A valuable Glossary is appended to the volume. In 
the preparation of this work free use has been made of the manuscript 
materials of the late Professor Henslow. 

D 
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CHEMISTRY. 

PROFESSOR ROSCOE'S LESSONS IN ELEMENTARY 
CHEMISTRY, INORGANIC AND ORGANIC. By Henry 
E. ROSCOE, F.R.S., Professor of Chemistry in Owens College, 
Manchester. With numerous Illustrations and Chromo-Litho of 
; the Solar Spectrum, and of the Alkalies and Alkaline Earths^ 
Neso Edition, Thirty -first Thousand. i8mo. cloth* 4J. 6^. 

// has been the endeavour of the authcr to arrange the most important 
facts and principles of Modem Chemistry in a plain but concise and 
scientific form, suited to the present requirements of elementary instruction. 
For the purpose of facilitating the attainment of exactitude in the knowledgi 
of the subject^ a series of exercises and questions upon the lessons have been 
added. The metric system of weights and measures^ and the centigradt 
thermometric scale, are used throughout the work. The new Edition, 
besides new wood-cuts, contains many additions and improvements, and 
includes the most important of the latest discoveries, ** As a standard 
general text-book it deserves to take a leading place." — Spectator. " We 
unhesitatingly pronounce it the best of all our elementary treatises on 
Chemistry," — MEDICAL Times. 



POLITICAL ECONOMY. 

POLITICAL ECONOMY FOR BEGINNERS. By Milucknt 
G. Fawcett. i8mo. 2J. td. 

This work has been written mainly with the hope that a short and 
elementary book might help to make Political Economy a more popular 
study in boy£ and girli schools. In order to adapt the book especially for 
school use, questions have been added at the ejtd of each chapter^ * • Clear, 
compact, and comprehensive. ' ' — DAILY News. * * The relations of capital 
and labour have never been more simply or more clearly expounded,— 
Contemporary Review. 
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LOGIC. 

ELEMENTARY LESSONS IN LOGIC ; Deductive and Indue- 
tive, with copious Questions and Examples, and a Vocabulary of 
Logical Terms. By W. Stanley Jevons, M. A. , Professor of Logic 
in Owens College, Manchester. Second Edition. i8mo. 3^. dd. 

In preparing these Lessons the author has attempted to show that, Logic ^ 
rven in its traditional form, can be mcuie a highly useful subject of study ^ 
and a powerful means of metital exercise. With this view he has avoided 
the use of superfluous technical terms ^ and has abstained from entering 
into questions of a purely speculative or metaphysical character. For the 
pt4eriU illustrations too often found in works on Logic, examples drawn 
from the distinct objects and ideas treated in the natural and experimental 
sciences have been generally substituted. At the end of almost every 
lesson will be found references to the works in which the student will most 
profitably continue his reading of the subject treated, so that this little 
volume may serve cts a guide to a more extended course of study. The 
Guardian thinks *^ nothing can be better for a school-book" and the 
ATHENi^uM calls it **a manual alike simple, interesting, and scientific. " 

PHYSICS, 

LESSONS IN ELEMENTARY PHYSICS. By Balfour 
Stewart, F.R.S., Professor of Natural Philosophy in Owens 
College, Manchester. With numerous Illustrations and Chromo- 
liths of the Spectra of the Sun, Stars, and Nebulae. Fifth Thou- 
sand. i8mo. 4r. (}d. 
A description, in an elementary manner, of the most important of those 
laws which regulate the phenomena of nature. The active agents, heat, 
light, electricity, etc., are regarded as varieties of energy, and the work is 
so arranged that their relation to one another^ looked at in this light, and 
the paramount importance of the laws of energy, are clearly brought out. 
T7u volume contains all the necessary illustrations, and a plate represent- 
ing the Spectra of Sun, Stars, and Nebulce, forms a frontispiece. The 
Educational Times calls this " the beau ideal of a scientific text-book, 
clear, accurate, and thorough.^'' 

D 2 
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MANUALS FOR STUDENTS. 
Flower (W. H.)— an introduction to the oste- 

OLOGY OF THE MAMMALIA. Being the substance of 
the Course of Lectures delivered at the Royal College of Surgeons 
of England in 187a By W. H. Flower, F.R.S., F.R.C.S., 
Hunterian Professor of Comparative Anatomy and Physiology. 
With numerous Illustrations. Globe 8vo. 7^. 6d, 

Although the present work contains the substance of a Course ofLtctures^ 
the form has been changed^ so as the better to adapt it as a handbook for 
students. Theoretical views have been almost entirely excluded: and while 
it is impossible in a scientific treatise to avoid the employment of technical 
terms, it has been the author's endeavour to use no more than absolutely 
necessary f and to exercise due care in selecting only those that seem most 
appropriate, or which have receive the sanction of general euioption. With 
a very few exceptions the illustrations have been drawn expressly for this 
work from specimens in the Museum of the Royal College of Surgeons, 

Hooker (Dr.)— THE STUDENT'S FLORA OF THE 

BRITISH ISLANDS. By J. D. Hooker, C.B., F.R.S., 

M.D., D.C.L., Director of the Royal Gardens, Kew. Globe 
Svo. los, 6d, 

The object of this work is to supply students and field-botanists with a 
fuller account of the Plants of the British Islands than the manuals 
fUtherto in use aim at giving. The Ordinal, Generic, and Specific 
characters have been re-written, and are to a great extent original, and 
drawn from living or dried specimens, or both, * * Cannot fail to perfectly 
fulfil the purpose for which it is intended J^ — Land and Water. 
" Containing the fullest and most accurate manual of the kind that has yd 
app^tred." — Pall Mall Gazette. 
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Oliver (Professor).— first book of Indian botany. 

By Daniel Oliver, F.R.S., F.L.S., Keeper of the Herbarium 
and Library of the Royal Gardens, Kew, and Professor of Botany 
in University College, London. With numerous Illustrations. 
Extra fcap. 8vo. 6^. 6d, 

TTiis manual is, in substance, the author's.** Lessons in Elementary 
Botany" adapted for use in India, In preparing it he has had in view 
the wantf often felt, of sotne handy xi^Mmk of Indian Botany, which might 
be serviceable not only to residents of India, but also to any one about to 
proceed thither, desirous of getting some preliminary idea of the Botany of 
that country, * * // contains a wdl-digested summary of all essential knauy- 
ledge pertaining to Indian botany, wrought out in accordance with the best 
principles of scientific arrangement,'^ — Allen's Indian Mail. 

Other volumes of these Manuals will follow. 



Ball (R. S., A.M.)— EXPERIMENTAL MECHANICS. 
A Course of Lectures delivered at the Royal College of Science 
for Ireland. By Robert Stawell Ball, A.M., Professor of 
Applied Mathematics and Mechanics in the Royal College of 
Science for Ireland (Science and Art Department). Royal 8vo. 
I dr. 

These twenty Lectures, delivered by the author in the spring of 1870, 
have in the present volume been revised, and some of them rewritten. His 
aim has been to create in the mind of the student physical ideas corre- 
sponding to theoretical laws^ and thus to produce a work which may be 
regarded either as a supplement or an introduction to manttals of theoretic 
mechanics. To realize this design^ the copious use of experimental 
illustrations was n^essary. The apparatus used in the Lectures, and 
figured in the volume, has been principally built up from Professor Willies 
•most culmirable system. In the selection of the subjects, the question of 
practiced utUity has in many cases been regarded as the one of paramount 
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importance. The eUtnentary truths of Mechanics are too wdl known to 
admit of novelty^ but it is believed that the mode of treatment which is 
adopted is more or less original. This is especially the case in the Lectures 
relating to friction^ to the mechanical powers, to the strength of timber and 
structures, to the laws of motion, and to the pendulum. The illustrations, 
drawn from the apparatus, are nearly all original, and are becaUifully 
executed, 

Cooke (Josiah P., Jun.)— first princtples of 

CHEMICAL PHILOSOPHY. By Josiah P. Cooke, Jun^ 
Ervine Professor of Chemistry and Mineralogy in Harvard CoU^e. 
Crown 8vo. \2s. 

The object of the author in this book is to present the philosophy of 
Chemistry in such a form that it can be made with profit the subject of 
College recitations, and furnish the teacher with the means of testing the 
studenfs faithfulness and ability. With this view the subject hcts been 
developed in a logical order, and the principles of the science are taught 
independently of the experimental evidence on which they rest, 

RoSCOe (H. E.)— SPECTRUM ANALYSIS. Six Lectures, 
with Appendices, Engravings, Maps, and Chromolithographs. 
By H. E. RoscoE, F.R.S., Professor of Chemistry in Owens 
College, Manchester. Royal 8vo. 2ij; 

A Second Edition of these popular Lectures, containing all the 
most recent discoveries and severed additional Illustrations, ** In six 
lectures he has given the history of the discovery and set forth the facts 
relating to the analysis of light in such a way that any reader of 
ordinary intelligence and information will be able to understand what 
* Spectrum Analysis* is, and what are its claims to rank among the most 
signal triumphs of science of which even this century can boast." — Non- 
conformist. " The illustrations — no unimportant part of a book on 
such a subject — are marvels of wood'printing, and reflect the clearness 
which is the distinguishing merit of Mr. RoscoE s explanations^' — 
Saturday Review. " The lectures themselves furnish a most ad" 



SCIENCE. 55 



ntirable dementary treatise on the subject, whilst by the insertion in 
appendices to each lectured/ extracts from the most important published 
memoirs, the author has rendered it equally valuable as a text-book 
for cuivanced students.^^ — Westminster Review. 

Thorpe (T. E.)_a series of chemical problems, 

for use in Colleges and Schools. Adapted for the preparation of 
Students for the Government, Science, and Society of Arts Exa- 
minations. With a Preface by Professor Roscoe. i8mo. 
cloth, ij. 

In the Preface Dr. Roscoe says — ** My experience has led me to feel more 
and more strongly that by no method can accuracy in a knowledge of 
chemistry be more surely secured than by attention to the working of well- 
selected problems, and Dr. Thorpe* s thorough acquaintance with the wants 
of the student is a sufficient guarantee that this selection hcts been carefully 
made, I intend largely to use these questions in my own classes, and I can 
confidently recommend them to all teachers and students of the science.'*^ 

WurtZ.— A HISTORY OF CHEMICAL THEORY, from the 
Age of Lavoisier down to the present time. By Ad, Wurtz. 
Translated by Henry Watts, F.R.S. Crown 8vo. 6j. 

*• The treatment of the subject is admirable, and the translator has 
evidently done his duty most efficiently.*^ — Westminster Review. 
** The discourse, as a resume of chemical theory and research, unites 
singular luminousness and grasp. A few judicious notes are added by the 
translator** ^"9 PAX. Mall Gazette. 
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MISCELLANEOUS. 

Abbott. — ^A SHAKESPEARIAN GRAMMAR. An Attempt to 
illustrate some of the Differences between Elizabethan and Modera 
English. By the Rev. E. A. Abbott, M. A., Head Master of the 
City of London School. For the Use of Schools. New and En- 
larged Edition. Extra fcap. 8vo. dr. 

Tlie object of this work is to furnish studetits of Shakespeare and Bacon 
with a short systematic account of some points of difference between Eliza- 
bethan syntax and our own, A section on Prosody is added, and Notes 
and Questions, The success which has attended the First and Second 
Editions of the "Shakespearian Grammar," and the demand for a 
Third Edition within a year of the publication of the First, have encouraged 
the author to endeavour to make the work somewhat more useful, and to 
render it, as far cls possible, a complete book of reference for all difficulties of 
Shakespearian syntax or prosody. For this purpose t/ie whole of Shake- 
speare has been re-read, and an attempt ha^ been made to include within 
this Edition the explanation of every idiomatic difficulty inhere the text 
is not confessedly corrupt) that comes within the province of a grammar 
as dtstinctfrom a ^ossafy. The great object being to make a useful book 
of reference jor students, and especially for classes in schools, several 
Piays have been indexed so fully thai with the aid of a glossary and 
historical notes the references will serve for a complete commentary. 
^* A critical inquiry, conducted with greed skill and knowledge, and 
with all the appliances of modem philology .... We venture to belike 
that those who consider themselves most proficient as Shakespearians will 
find something to learn from its pages.'* — Pall Mall Gazettk. 
*• Valuable not only as an aid to the critical study of Shakespeare, but 
as tending to familiarize the reader with Elizabethan English in 
general" — ATHENi^UM, 
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Bates.— A CLASS-BOOK OF GEOGRAPHY. Adapted to the 
recent Programme of the Royal Geographical Society. By H. 
W. Bates, Assistant Secretary to tlie Royal Geographical Society. 

\In the Press, 

Besant.— STUDIES in early French poetry. By 

Walter Besant, M.A. Crown 8vo. 8j. dd. 

A sort of impression rests on most minds that French literature begins 
with the ^^ siZcle de Louis Quatorze ;" any previous literature being for 
the most part unknown or ignored. Few know anything of the enorTnous 
literary activity that began in tJie thirteenth century ^ wa^ carried on by 
Rulebeuf Marie de France^ Gaston de Foix^ Thibault de Champagne, 
and Lorris ; was fostered by Charles of Orleans, by Margaret of Valois, 
by Francis the First ; that gave a crowd of versifiers to France, enriched, 
strengthened, developed, and fixed the French language, and prepared the 
way for Corneille and for Racine. The present work aims to afford 
information and direction touching these early efforts of France in poetical 
literature. ** In one moderately sized volume he has contrived to introduce 
us to the very best, if not to all of the early French poets. ^^ — ATHENiEUM. 
" Industry, the insight of a scholar, and a genuine enthusiasm for his 
subject, combine to make it of very considerable value. ^^ — Spectator. 

CAMEOS FROM ENGLISH HISTORY.— See Yonge (C. M.) 

Delamotte.— A beginner's drawing book. By p. h. 

Delamotte, F.S.A. Progressively arranged, with upwards of 
Fifty Plates. Crown 8vo. Stiff covers. 2J. dd. 

This work is intended to give such instruction to Beginners in Drawing, 
and to place before them copies so easy, that they may not find any obstacle 
in making the first step. Thenceforward the lessons are gradually 
progressive. Mechanical improvements too have lent their aid. The whole 
of the Plates have been engraved by a new process, by means of which a 
varying depth of tone — up to the present time the distinguishing character' 
istic of pencil drawing — hcis been imparted to woodcuts. ** We have seen 
and examined a great many drawing'books, but the one now before us strikes 
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us as being the best of them all,** — Illustrated Times. ** A concise^ 
simple^ and thoroughly practical work. The letter-press is throughout 
intelligible and to the point, " — Guardian. 

D'Oursy and Feillet.— a French grammar at 

SIGHT, on an entirely new method. By A. D'Oursy and 
A. Feillet. Especially adapted for Pupils preparing for Exa- 
mination. Fcap. 8vo. cloth extra. 2J. td. 

The method followed in this volume consists in presenting the grammar 
as much as possible by synoptical tables, which, striking the eye at once, and 
following throughout the same order — " used — ^not used ; " " changes- 
does not change " — are easily remembered. The parsing tables will enable 
the pupU to parse easily from the beginning. The exercises consist of 
translations from French into English, and from English into French ; 
and of a number of grammatical questions. 

Freeman (Edward A.)— old- English history- 

By Edward A. Freeman, D.C.L., late Fellow of Trinity 
College, Oxford. With Five Coloured Maps. Second Edition. 
Extra fcap. 8vo. half-bound. 6s, 

TTie first edition of this work was an experiment, but an experiment 
which the author found had already succeeded with his own children^ 
The rapid sale of the first edition and the universal approval with which 
it has been received^ show that the author's convictions have been wdl 
founded, that his views have been widdy accepted both by teachers and 
learners, and that the work is eminently calculated to serve the purpose for 
which it was intended. Although full of instruction and calculated highly 
to interest and even fascinate children^ it is a work which may be and has 
been used with profit and pleasure by all. Its object is to show that cleafy 
accurate, and scientific views of history, or indeed of any subject, may be 
easily given to children from the very first. ^* I have, I hope,** the author 
says, ** shown that it is perfectly easy to teach children, from the very 
first, to distinguish true history alike from legend and from Tvilful inven- 
tion, and also to understand the nature of historical authorities and to weigh 
one statement against another. I have throughout striven to connect the 
history of England with the general history of civilized Europe, and 



MISCELLANEOUS. 59 

J have especially tried to make the book serve as an incentive to a 
more accurate study of historical geography,'*'^ In the present edition the 
luJiole has been carefully revisedj and such improvements as suggested 
themselves have been introduced, " The book indeed is full of instruction 
and interest to students of all ages, and he must be a well-informed man 
indeed who will not rise from its perusal with clearer and more accurate 
ideas of a too much neglected portion of En^ish History, " — Spectator. 

Helfenstein (James).— a comparative grammar 

OF THE TEUTONIC LANGUAGES. Being at the same 
time a Historical Grammar of the English Language, and comprising 
Gothic, Anglo-Saxon, Early English, Modem English, Icelandic 
(Old Norse), Danish, Swedish, Old High German, Middle High 
German, Modem German, Old Saxon, Old Frisian, and Dutch. 
By James Helfenstein, Ph.D. 8vo. i&r. 

This work traces the different stages of development through which 
the various Teutonic languages have passed^ and the laws which have 
r^ulated their growth. The reader is thus enabled to study the relation 
-which these languages bear to one another, and to the English language in 
particular, to which special attention is devoted throughout. In the 
chapters on Ancient and Middle Teutonic Languages no grammatical form 
is omitted the knowledge of which is required for the study of ancient 
litercUure, whether Gothic or Anglo-Saxon or Early English, To each 
chapter is prefixed a sketch showing the relation of the Teutonic to the 
cognate languages, Greek, Latin, and Saftskrit, Those who have mastered 
the book will be in a position to proceed with intelligence to the more 
daborate works of Grimm, Bopp, Pott, Schleicher, and ot/iers. 

Hole.— A GENEALOGICAL STEMMA OF THE KINGS OF 
ENGLAND AND FRANCE. By the Rev. C. Hole. On 
Sheet IJ*. 

The different families are printed in distinguishing colours, thus 
facilitcUing reference* 
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Hole (Rev. C.) — continued. 

A BRIEF BIOGRAPHICAL DICTIONARY. Compiled ai«I 
Arranged by Charles Hole, M.A., Trinity Collie, Cambridge 
Second Edition, i8mo. neatly and strongly bound in cloth. 4^. 6^- 

T^ inquiry is freqitenUy made concerning an eminent man, when dii 
he livef or for whcU was he celebrated, or what biographies have we ahod 
him f Such information is concisely supplied in this Dictioftary, It contmns 
more than 18,000 names. Extreme care has been bestowed on the verifica- 
tion of the dates, and thus numerous errors current in previous works hast 
been corrected. Its size adapts it for the desk, portmanteau, or pockd, 
** An invaluable addition to our manuals of rrference, and from its 
moderate price cannot fail to become cu popular as it is useful?^ — Times 

Jephson. — SHAKESPEARE'S "tempest." with GlossamI 

and Explanatory Notes. By the Rev. J. M. Jephson. Second 

Edition. i8mo. is. 

It is important to find some substitute for classical study, and it is 

believed that such a substitute may be found in the Plays of Shakespeare, 

For this purpose the present edition of the " Tempest^* has been prepared. 

The introduction treats briefly of the value of the study of language^ the 

fable of the play, and other points. The notes are intended to teack tht 

student to analyse every obscure sentence and trace out the logical sequence 

ofthepoefs thoughts ; to point out the rules of Shakespear^s versifoatvmf 

to explain obsolete words and meanings ; and to guide the students taste h 

directing his attention to such pc^ sages as seem especially worthy of note pf 

their poetical beauty or truth to nature. The text is in the mainfoundd 

upon that of the first collected edition of Shakespearis Plays, 

M'Cosh (Rev. Principal). — For other Works by the same 

Author, see Philosophical Catalogue. 
THE LAWS OF DISCURSIVE THOUGHT. Being a Text-Book 

of Formal Logic. By James M*Cosh, D.D., LL.D. 8vo. 5/. 
In this treatise the Notion {with the Term and the Relation of Though 
to Langttagey ) will be found to occupy a larger relative place than in anj 
logical work written since the time of the famous " Art of Thinking.^ 
*• fVe heartily welcome his book as one which is likdy to be of great valtU 
in Colleges and Schools.^* — Athen^UM. 
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3ppen. — FRENCH READER. For the Use of Colleges and 
Schools. Containing a graduated Selection from modem Authors 
ki Prose and Verse ; and copious Notes, chiefly Etymological. By 
"Edward A. Oppen. Fcap. 8vo. cloth. 4^. td. 

This is a Selection from the best modern authors of France, Its dts^ 
Hnctive feature consists in its etymological notes^ connecting French with 
*.he classical and modem languages, including the Celtic, This subject 
has hitherto been little discussed even by the best-educated teachers, 

SHILLING BOOK OF GOLDEN DEEDS. See Yonge (C. M.) 

Sonnenschein and Meiklejohn. — THE ENGLISH 
METHOD OF TEACHING TO READ. By A. Sonnenschein 
and J. M. D, Meiklejohn, M.A. Fcap. 8vo. 

Comprising : 
The Nursery Book, containing all the Two-Letter Words in the 
Language, id, (Also in Large Type on Sheets for School 
WaUs. 5J.) 

The First Course, consisting of Short Vowels with Smgle 
Consonants. 3^. 

The Second Course, with Combinations and Bridges, con- 
sisting of Short Vowels with Double Consonants. 4^. 

The Third and Fourth Courses, consisting of Long 
Vowels, and all the Double Vowels in the Language. 6d, 

A Series of Books in which an attempt is made to place the process of 
learning to read English on a sciefitific basis. This has been done by 
separating the perfectly regular parts of the language from the irregular^ 
and by giving the regular parts to the learner in the exact order of their 
difficulty. The child begins with the smallest possible element^ and adds to 
that element one letter — in only one of its functions — at one time. Thus 
the sequence is natural and complete, ' ' These are admirable boohs, because 
they are constructed on a principle, and that the simplest principle on which 
it is possible to learn to read English.*^ — Spectator. 
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Thring. — ^Works by Edward Thring, M.A., Head Master of 
Uppingham. 

THE ELEMENTS OF GRAMMAR TAUGHT IN ENGLISH, 
with Questions. Fourth Edition. l8mo. zr. 

This little work is chiefly intended for teachers and learners. It took iU 
rise from questionings in National Schools^ and the whole of the first pari 
is merely the writing out in order the answers to questions which have been 
used already with success, A chapter on Learning Language is especially 
addressed to teachers, 

THE CHILD'S GRAMMAR. Being the Substance of "The 
Elements of Grammar taught in English," adapted for the Use of 
Junior Classes. A New Edition. i8mo. is, 

SCHOOL SONGS. A Collection of Songs for Schools. With the 

Music arranged for four Voices. Edited by the Rev. E. Thring 

and H. Riccius. Folio. *is. 6d, 

There is a tendeticy in schools to stereotype the forms of life. Any genial 

solvent is valuable. Games do much; but games do not penetrate to 

domestic life, and are much limited by age. Music supplies the want. 

The collection includes the ^^ Agnus Dei,** TennysotCs ^^ Light Brigade^ 

Macaulays " Ivry" dr»^. among other pieces. 

Trench (Archbishop). —HOUSEHOLD BOOK OF ENG- 
LISH POETRY. Selected and Arranged, with Notes, by 
R. C. Trench, D.D., Archbishop of Dublin. Extra fcap. 8va 
5^. 6d, Second Edition. 

This volume is called a ** Household Book,*^ by this name implying that 
it is a book /or all — thcU there is nothing in it to prevent it from being 
confidetitly placed in the hands of every member of the household. Speci- 
mens of all classes of poetry are given, incltiding selections from living 
authors. The Editor has aimed to produce a book ^^ which the emigrant, 
finding room for little not absolutely necessary, might yet find room for 
in his trunk, and the traveller in hisknapsack, and thcU on some narrow 
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Trench (Archbishop) — continued, 

shelves where there are few books this might be one** " The Archbishop 
has conferred in this delightful volume an important gift on the whble 
£:n^lish'Speaking population of the world** — Pai.l Mall Gazette. 

ON THE STUDY OF WORDS. Lectures addressed (originally) 
to the Pupils at the Diocesan Training School, Winchester, 
Thirteenth Edition. Revised and Enlarged. Fcap. 8vo. 4J. 6^. 

This^ it is believed^ was probably the first work which drew general 
attention in this country to the importance and interest of the critical and 
historical study of English, It still retains its place as one of the most 
successful^ if not the only^ exponent of those aspects of words of which it 
treats. The subjects of the several Lectures are^ (i) Introduction; (2) 
On the Poetry of Words ; (3) On the Morality of Words; (4) On the 
History of Words; (5) On the Rise of New Words; (6) On the Dis- 
tinction of Words ; (7) The Schoolmaster's Use of Words, 

ENGLISH, PAST AND PRESENT. Seventh Edition, revised 
and improved. Fcap. 8vo. 4^. 6d. 

This is a series of Eight Lectures, in the first of which Archbishop 
Trench considers the English language as it now is, decomposes some 
specimens of it, and thus discovers of what element it is compact. In 
the second Lecture he considers what the language might have been if the 
Morman Conquest had never taken place. In the following six Lectures 
he institutes from various points of view a comparison between the present 
language and the past, points out gains which it has made, losses which it 
has endured, and generally calls attention to some of the more important 
changes through which it has passed, or is at present passing. 

A SELECT GLOSSARY OF ENGLISH WORDS, used formerly 

in Senses Different from their Present. Third Edition. Fcap. 

8vo. 4^*. 

This alphabetically arranged Glossary contains many of the most im* 

portant of those English words which in the course of time have gradually 

changed their meanings. The author's object is to point out some of these 

changes, to suggest how many more there may be, to show hew slight and 

subtle, while yet most real, these changes have often been, tj trcLce here and 
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Trench (Archbishop) — continued, 

there the progressive steps by which the old meaning has been put off and the 
new put on^ — the exact road which a word has travelled. The author thus 
hopes to render some assistance to those who regard this as a serviceable 
discipline in the training of their own minds or the minds of others^ 
Although the book is in the form of a Glossary ^ it will be found as interest- 
ing as a series of brief well-told biographies, 

Vaughan (C. M.) — a shilling book of words 

FROM THE POETS. By C. M. Vaughan. i8mo. doth. 
It has been felt of late years that the children of our parochial schools^ 
and those classes of our countrymen which they commonly represent, are 
capable of being interested, and therefore benefited also, by something higher 
in the scale of poetical composition than those brief and somewhat puerile 
fragments to which their knowledge woe formerly restricted. An attempt 
has here been made to supply the want by forming a selection at once 
various and unambitious ; healthy in tone, fust in sentiment^ elevating in 
thought, and beautiful in expression. 

Yonge (Charlotte M.)— a parallel history of 

FRANCE AND ENGLAND : consisting of Outlines and Dates. 
By Charlotte M. Yonge, Author of **Tlie Heir of Redclyffe," 
** Cameos of English History," &c., &c. Oblong 4to. jj. 6d. 

This tabular history has been drawn up to supply a want felt by many 
teachers of some means of making their pupils realize what events in the 
two countries were contemporary. A skeleton narrative has been con* 
siructed of the chief transactions in either country, placing a column 
between for what affected both alike, by which means it is hoped that young 
people may be assisted in grasping the mutual relation of events. " We 
can imagine few more really advantageous courses of historical study for 
a young mind than going carefully and steadily through Miss Yongeh 
excellent little book.^* — Educational Times. 

cameos from ENGLISH HISTORY. From RoUo to Edward 
II. By the Author of " The Heir of Reddyffe." Extra fcap. 
8vo. Second Edition, enlarged. 5j. 
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Yonge (Charlotte M.) — ^ntinued. 

The endeavour has not been to chronicle facts , but to put together a series 
^f pictures of persons and events^ so as to arrest the attention, and give 
some individuality and distinctfuss to the recollection, by gathering together 
details at the most memorable moments. The ** Cameos " are intended as 
a book for young people just beyond the elementary histories of England, 
and able to enter in some degree into the real spirit of events, and to be 
struck with characters and scenes presented in sonu relief " Instead of 
dry details,''^ says the Nonconformist, **we hav^ living pictures, faith- 
ful^ vivid, and striking,^* 

A Second Series of CAMEOS FROM ENGLISH HISTORY. 
The Wars in France. Extra fcap. 8yo. pp. xl 415. Ss, 

This new volume, closing with the Treaty of Arras, is the history of the 
struggles of Plantagenet and Valois. It refers^ accordingly, to one of the 
nwsi stirring epochs in the mediaeval era, including the battle ofPoictiers, 
the great Schism of the West, the Lollards, Agincourt and Joan of Arc. 
The authoress reminds her readers that she aims merdy at * * collecting from 
the best authorities such details as may present scenes and ptrsonages to the 
eyg in some fulness ;" her Cameos are a ^^ collection of historical scenes 
and portraits suc,h as the young might find it difficult to form for themselves 
without access to a very complete library P ** Though mainly intended,^^ 
says the John Bull, ^^ for young readers, they will, if we mistake not, be 
found very acceptcd>le. to those of m4>re mature years, and the life and 
reality imparted to the dry bones of history cannot fail to be attractive to 
rectders of every age.'* 

EUROPEAN HISTORY. Narrated in a Series of Historical Selec- 
tions from the Best Authorities. Edited and arranged by E. M. 
Sewell and C. M. Yonge. First Series, 1003 — 11 54. Crown 
8vo. dr. Second Series, 1088 — 1228. Crown 8vo. 6s. 

When young children hcpve acquired the outlines of History from abridg- 
ments and catechisms, and it becomes desirable to give a more enlarged 
view of the subject, in order to render it really useful and interesting, a 
difficulty often arises as to the choice of books. Two courses are open, either 

£ 



66 EDUCATIONAL BOOKS, 



Yonge (Charlotte M.) — continued. 

to take a general and consequently dry history of facts^ stick as Russd^s 
Modem Europe, or to choose some work treating of a particular period or 
subject, suck as tke works of Macaulay and Froude. Tke former course 
usually renders history uninteresting; tke latter is ufisaiisfactary because 
it is not sufficiently comprekensive. To remedy this difficulty, sdections^ 
continuous and chronological, have, in tke present tfolume, been taken from 
the larger works of Freeman, Milman, Palgrave^and otkers, wkick may 
serve as distinct landmarks of kistorical redding. ** We know of scarcdy 
anything,^* says the Guardian of this volume, "which is so likdy td raise 
to a higher level tke average standard of English education^ 

A SHILLING BOOK OF GOLDEN DEEi:)S. A Reading Book 
for Schools and General Readers. By the Author of " The Heir 
of Redclyffe." i8mo. cloth. 

A record of some of the good and great deeds of all time, abridged from 
the larger work of tke same author in the Golden Treasury Series. 
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DIVINITY. 

*^* For other Works by these Authors, see Theological Catalogue. 

Abbott (Rev. E. A.)— BIBLE LESSONS; By the Rev. 
E. A. Abbott, M.A., Head Master of the City of London 
School. Second Edition. Crown 8vo. 4f. (>d. 

This book is vjritten in the form of dialogues carried on betfiveen « 
teacher and pupil, and its main object is to make the scholar think for 
himself. The great bulk of the dialogues represents in the spirit^ and 
often in the words, the religious instruction which the author has been 
in the habit of giving to the Fifth and Sixth Forms of the City of London 
School. The Author has endeavoured to make the dialogues thoroughly 
unsectarian, ** U^ise, suggestive, and really profound initiation into religious 
thought." — Guardian. ** / think nobody could read them without being 
both the better for them himself and being also able to see how this difficult 
duty of imparting a sound religious education may be effected.^* — From 
Bishop of St. David's Speech at the Education Conference 
AT Abergwilly. 

Cheyne (T. K.)— THE BOOK OF ISAIAH CHRONO- 
LOGICALLY ARRANGED. An Amended Version, with 
Historical and Critical Introductions and Explanatory Notes. By 
T. K. Cheyne, M. A., Fellow of Balliol College, Oxford. 
Crown 8vo. *is. 6d. 

The object of this edition is stmply to restore the probable meaning »J 
Iscuahy so far as this can be expressed in modem English, The h' ' 

E 2 
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the version is the revised translation of i^ii^ but no scruple has been felt 
in introducing alterations^ wherever the true sense of the prophecies 
appeared to require it. **A piece of scholarly work, very carefully and 
considerately done" — Westminster Review. 



Golden Treasury Psalter.— students' Edition. Being an 

Edition of "The Psalms Chronologically Arranged, by Four 
Friends," with briefer Notes. i8mo. 3y. dd. 

In making this <ibridgment of** The Psalms Chronologically Arranged," 
the editors have endeavoured to meet the requirements of readers of a 
different class from those for whom the larger edition was intended. Somt 
who found the large book useful Jor private reading, have asked for an 
edition of a smaller size and at a lower price, for family use, while at tJu 
same time some Teachers in Public Schools have suggested that it would bt 
convenient for them to have a simpler book, which they could put into the 
hands of younger pupth. ** It is a gem,^^ says the Nonconformist. 



Hardwick.— A history of the christian church. 

Middle Age. From Gregory the Great to the Excommunication 
of Luther. By Archdeacon Hardwick. Edited by Francis 
Procter, M.A. With Four Maps constructed for this work by 
A. Keith Johnston. Second Edition. Crown 8vo. lor. dd. 

The ground-plan of this treatise coincides in many points with oru 
adopted at the close of the last century in the colossal work of SchrbckK and 
since that time by others of his thoughtful countrymen ; but in arranging 
the materials a very different course has frequently been ptrsuecL With 
regard to the opinions of the author, he is willing to avow distinctly that he 
has construed history with the specific prepossessions of an Englishman and 
a member of the English Church. The reader is constantly referred to 
the authorities, both original and critical, on which the statements arf 
founded. ** As a Manual for the student of ecclesiastical history in the 
Aliddle Ages, we know no English work which can be compared to Mr. 
Ilardwicl^s book." — Guardian. 
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A HISTORY OF THE CHRISTIAN CHURCH DURING THE 

REFORMATION. By Archdeacon Hardwick. Revised by 

Francis Prqcter, M. A. Second Edition. Crown 8vo. lOf. 6^'. 

This volume is intended as a sequel and companion to the ** History of 

the Christian Church during the Middle Age" The author's earnest 

wish has been to give the reader a trustworthy version of those stirring 

incidents which mark the Reformation period^ without relinquishing his 

farmer claim to characterise peculiar systems, persons^ and events according 

to the shades and colours they assume^ when contemplated from an English 

point of view, and by a member of the Church of England, 

Maclear, — Works by the Rev. G. F. MACLEAR, B.D., Head 
Master of King's College School, and Preacher at the Temple 
Church. 

A CLASS-BOOK OF OLD TESTAMENT HISTORY. Sixth 
Edition, with Four Maps. i8mo. cloth. 4^. dd. 
This volume forms a Class-book of Old Testament History from the 
earliest times to those of Ezra and Nehemuih. In Us preparation the 
fnost recent authorities have been consulted, and wherever it has appeared 
useful. Notes have been subjoined Ulustratrve of the Text, and, for the sake 
of more advanced students, references cuided to larger works. The Index 
has been so arranged as to form a concise dictionary of the persons and 
places mentioned in the course of the narrative; while the Maps, which have 
been prepared with considerable care at Stanford's Geographical Establish- 
went, wdl^ it is hoped, materially add to the value and usefulness of the 
Book. ** A careful and elaborate though brief compendium of all that 
modern research has done for the illustration of the Old Testametit. We 
know of no work which contains so much important information in so 
small a compass.^' — BRITISH Quarterly Review. 

A CLASS-BOOK OF NEW TESTAMENT HISTORY, including 
the Connexion of the Old and New Testament. With Four Maps. 
Third Edition. i8mo. cloth. 5^. 6d. 
A sequel to the author's Class-book of Old Testament History, continuing 

the narrative from the point at which it there ends, and carrying i' 
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M a cle ar — continued, 

the close of St, PauVs second imprtsonment at Rome. In its preparation, 
as in that of the former volume^ the most recent and trustworthy authorities 
have been consulted, notes subjoined, and references to larger works added. 
It is thus hoped that it may prove at once an useful class-book and a 
convenient companion to the study of the Greek Testament, * ^A singularly 
clear and orderly arrangement of the Sacred Story, His work is solidly 
and completely done.*' — AxHENiEUM. 

A SHILLING BOOK OF OLD TESTAMENT HISTORY, for 
National and Elementary Schools. With Map. iSmo. cloth. 

A SHILLING BOOK OF NEW TESTAMENT HISTORY, for 
National and Elementary Schools. With Map. i8mo. cloth. 
These works have been carefully abridged from the author's larger 
manuals. 

CLASS-BOOK OF THE CATECHISM OF THE CHURCH OF 
ENGLAND. Second Edition. i8mo. cloth. 2s. 6d, 

This may be regarded as a sequel to the Class-books of Old and New 
Testament History, Like them, it is furnished with notes and references 
to larger works, and it is hoped that it may be found, especially in the 
higher forms of our Public Schools, to supply a suitable manual of 
instruction in the chief doctrines of the English Church, and a useful 
help in the preparcUion of candidates for Confirmation, ^^ It is indeed 
the work of a scholar and divine, and as such, though extremely simple, 
it is also extremely instructive. There are few clergymen who would not 
find it useful in preparing candidates for Confirmation ; and there are 
not a few who would find it useful to themselves as well.'* — Literary 
Churchman. 

A FIRST CLASS-BOOK OF THE CATECHISM OF THE 
CHURCH OF ENGLAND, with Scripture Proofs, for Junior 
Classes and Schools. i8mo. 6d. 

THE ORDER OF CONFIRMATION. A Sequel to the Class 
Book of the Catechism. For the use of Candidates for Confirma- 
tion. With Prayers and Collects. l8mo. ^d. 
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Maurice.— THE LORD'S PRAYER, THE CREED, AND 
THE COMMANDMENTS. A Manual for Parents and School- 
masters. To which is added the Order of the Scriptures. By the 
Rev. F. Denison Maurice, M. A. Professor of Moral Philosophy 
in the University of Cambridge. i8mo. cloth limp. u. 

Procter. — a HISTORY OF THE BOOK OF COMMON 
PRAYER, with a Rationale of its Offices. By Francis Procter, 
M.A. Ninth Edition, revised and enlarged. Crown 8vo. 
I or. €d. 

In the course of the last twenty years the whole question of Liturgical 
knowledge has been reopened with great learning and (ucurcUe research ; 
and it is mainly with the view of epitomizing extensive publications^ and 
correcting the errors and misconceptions which had obtained currency^ 
that the present volume has been put together, ** IVe admire the author's 
diligence^ and bear willing testimony to the extent and accuracy of his 
reading. The origin of every part of the Prayer Book hcts been diligently 
investigated^ and there are few questions of facts connected with it which 
are not either sufficiently explained, or so referred to that persons interested 
may work out the truth for themselves.^"* — Athenaeum. 

Procter and Maclear.— an ELEMENTARY INTRO- 
DUCTION TO THE BOOK OF COMMON PRAYER. 
Re-arranged and supplemented by an Explanation of the Morning 
and Evening Prayer and the Litany. By the Rev. F. Procter 
and the Rev. G. F. Maclear. Fourth Edition. i8mo. 2j. (id. 

As in the other Class-books of the series^ notes have also been subjoined^ 
and references given to larger works^ and it is hoped that the volume will 
he found adapted for use in the higher forms of our Public Schools, and a 
suitable manual for those preparing for the Oxford and Cambridge local 
examinations. This new Edition has been considerably altered, and 
several important cuiditions have been made. Besides a re-arrangement 
of the work generally, the Historical Portion has been suppleviented by an 
Explanation of the Morning and Evening Prayer and of the Lita*-" 
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Psalms of David Chronologically Arranged. By 

Four Friends. An Amended Version, with Historical 
Introduction and Explanatory Notes. Second and Cheaper 
Edition, with Additions and Corrections. Crown 8vo. Sj-. 6d. 

To restore the Psalter as far as possible to the order in which the Psalms 
were written^ — to give the division of each Psalm into strophes, of each 
strophe into the lines which composed it, — to amend the errors of translation^ 
is the object' of the present Edition, Professor Ewalcts works, especiaU) 
that on the Psalms, have been extensively consulted. This book has been 
used with satisfaction by masters for private work in higher clcisses in 
schools. The SPECTATOR calls this ^^ one of the most instructive and 
valuable books that has been published for many years." 

Ramsay. — ^THE CATECHISER'S manual; or, the Church 
Catechism Illustrated and Explained, for the use of Clergymen, 
Schoolmasters, and Teachers. By the Rev. Arthur Ramsay, 
M.A. Second Edition. i8mo. is, 6d. 

A clear explanation of the Catechism, by way of Question and Answer. 
** This is by far the best Manual on the Catechism we have met with.'^ 
—English Journal of Education. 

Simpson.— AN epitome of the history of the 

CHRISTIAN CHURCH. By William Simpson, M.A. 
Fifth Edition. Fcap. 8vo. y, 6d. 

A compendious summary of Church History. 

Swainson. — a handbook to sutler's analogy. By 

C. a. Swainson, D.D., Canon of Chichester. Crown 8vo. is. dd. 

This manual is designed to serve as a handbook or road-book to the 
Student in reading the Analogy, to give the Student a sketch or outline map 
of the country on which he is enter ingy and to point out to him matters of 
interest as he passes along. 
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Trench.— SYNONYMS OF the new testament. By 
R. Chevenix Trench, D.D., Archbishop of Dublin. New 
Edition, enlarged. 8vo. cloth. I2j. 

The study of synonyms in any language is valuable as a discipline 
fi^r Iraining the mind to close and accurate habits of thought : more 
especially is this the case in Greek — " a language spoken by a people of the 
fmst and subtlest intellect ; who saio distinctions where others saw none; 
who divided out to different words what oiJiers often were content to huddle 
confusedly under a common term, . . Where is it so desirable that we 
should miss nothing, that we should lose no finer intention of the writer, as 
in those words which are the vehicles of the very mind of God Himself? " 
This work is recognised as a valuable companion to every student of the 
Neva Testament in the original. This, the Seventh Edition, has been care- 
fully rezdsed, and a considerable number of new synonyms added. Appended 
is an Index to the Synonyms, and an Index to many other words alluded 
to or explained throughout the work. *^IIe is," the ATHENiEUM says, " a 
^uide in this department of knowledge to whom his readers may intrust 
themselves with confidence. His sober judgment and sound sense are 
barriers against the misleading influence of arbitrary hypotheses." 

We StCOtt.— Works by BROOKE FOSS WESTCOTT, B.D., 
Canon of Peterborough. 

A GENERAL SURVEY OF THE HISTORY OF THE 
CANON OF THE NEW TESTAMENT DURING THE 
FIRST FOUR CENTURIES. Third EdiUon, revised. Crown 
8vo. I Or. 6^. 

The author has endeavoured to cotinect the history of the New Testament 
Canon with the growth a?td consolidation of the Church, and to point out 
the relation extsting betiveen the amount of evidence for the authenticity of 
its component parts, and the whole mass of Christian literature. Siuh a 
method of inquiry will convey both the truest notion of the connection of the 
zvritten Word with tlie living Body of Christ, and the surest conviction of 
Us divine authority. Of this work the SATURDAY Review writes : " Theo- 
logical students, and not they only, but the genercU public, owe a deep "^"^^ 
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Westcott (Canon) — continued. 

of gratitude to Mr, Westcott for bringing this subject fairly before them 
tn this candid and comprehensive essay. .... As a theologual work it u 
at once perfectly fair and impartial, and imbual with a thoroughly 
religious spirit; and as a manual it exhibits, in a lucid form^ and in a 
narrow compass, the results 0/ extensive research and accurate thought. 
IVe cordially recofnmend it," 

INTRODUCTION TO THE STUDY OF THE FOUR GOSPELS. 
Third Edition. Crown 8vo. lor. 6d, 

This booh is intended to be an Jntroduction to the Study of the Gospels. 
The author has made it a point carefully to study the research^ of the grecu 
writers, and consciously to neglect none. There is an elaborate discussiot: 
appended ** On the Primitive Doctrine of Inspiration.^* ** His ^Intro- 
duction ' and * Canon * are two of the best works of the kind to he found in 
any literature^ — DAILY News. 

A GENERAL VIEW OF THE HISTORY OF THE ENGLISH 
BIBLE. Crown 8vo. lar. td. 

" The first trustworthy cu:coutU we have had of that unique and mar- 
vellous monument of the piety of our ancestors^ — DAILY Nkws. 

" A brief, scholarly, and, to a great extent, an original contribution A- 
theological literature. He is the first to offer any considerable coptrihu- 
tions to what he calls their internal history, which deals with their relation 
to other texts, with their filiation one on another, and with the principles by 
which they have been successively modified.^ — Pall Mall Gazette. 

THE BIBLE IN THE CHURCH. A Popular Account of the 
Collection and Reception of the Holy Scriptures in the Christian 
Churches. Third Edition. i8mo. cloth, 4J. 6df. 

The present book is an attempt to answer a request, which has been madt 
from time to time, to place in a simple form., for the use of general readers^ 
the substance of the author^ s ^^Historyofthe Canon of the New Testament'* 
An elaborate and comprehensive Introduction is followed by chapters on 
the Bible of the Apostolic Age; on the Growth of the New Testament; tht 
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^Vestcott (Canon) — continued. 

Apostolic Fathers ; the Age of the Apologists ; the First Christian Bible; 
the Bible Fh^oscribed and Restored ; the Age of Jerome and Augustine; 
the Bible of the Middle Ages in the West and in the East, and in the 
Sixteenth Century, Two appendices on the History of the Old Testament 
Canon before the Christian Era, and on the Contents of the most ancient 
MSS. of the Christian Bible, complete the volume. * * We ivould recommend 
every one who loves and studies the Bible to read and ponder this exquisite 
little book, Mr, Westcott^s account of the '■Canon^ is true history in its 
highest sense" — Literary Churchman. 

THE GOSPEL OF TPIE RESURRECTION. Thoughts on its 
Relation to Reason and History. New Edition. Fcap. 8vo. 
4jr. 6d. 

This Essay is an endeavour to consider some of the elementary truths 
of Christianity as a miraculous Revelation, from the side of History and 
Reason, If the arguments which are here adduced are valid, they will go 
far to prove thctt the Resurrection, with all that it includes, is the key to 
the history of man, and the complement oj reason. 

^A/'ilson.— THE BIBLE STUDENTS' GUIDE to the more Correct 
Understanding of the English translation of the Old Testament, 
by reference to the Original Hebrew. By William Wilson, 
D. D., Canon of Winchester, late Fellow of Queen's College, 
Oxford. Second Edition, carefully Revised. 4to. cloth. 25 j. 

This work is the result of almost incredible labour bestotved on it during 
many years. Its object is to enable the readers of the Old Testametit 
Scriptures to penetrate into the reed meaning of the sacred writers. All the 
English words used in the Authorized Version are alphabetically arranged, 
and beneath them are given the Hebrew equivalents, with a careful expla- 
nation of the peculiar signification and construction of each term. The 
knowledge of the Hebrew language is not absolutely necessary to the profit- 
able use of the work. Devout and accurate students of the Bible, entirely 
unacquainted with Hebrew, may derive great advantage from frequent 
reference to it. It is especially adapted for the use of the clergy. * * For /»// 
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earnest students of the Old • Testament Scriptures it is a most valuable 
Manual. Its arrangement is so simple that those who possess only their 
mother -tongue^ if they will take a little pains, may employ it with great 
profit. " — Nonconformist. 

Yonge (Charlotte M.)— scripture readings for 

SCHOOLS AND FAMILIES. By Charlotte M. Yonge, 
Author of "The Heir of Redclyffe." Globe 8vo. u. 6d. 
With Comments, 3^. 6d, 

Every one engaged in education must at times have felt some difficulty on 
the subject of reading Holy Scripture with children. Actual need has led 
the author to endeavour to prepare a reading book convenient for study 
with children, containing the very words of the Bible, with only a fnj 
expedient omissions, and arranged in Lessons of such length cts by ex- 
perience she has found to suit with children's ordinary power of accurate 
attentive interest. The verse form has been retained, because of its con- 
venience for children reading in class, and as more resembling their Bibles; 
but the poetical portions have been given in their lines. When Psalms or 
portions from the Prophets illustrate or fall in with*, he narrative they are 
given in their chronological sequence. The Scripture portion, with a very 
few notes explanatory of mere words, is bound up apart, to be used by 
children, while the same ts also supplied with a brief comfnent, the purpose 
oe which is either to assist the teacher in explaining the lesson, or to he 
used by more advanced young people to whom it may not be possible to give 
access to the authorities whence it has been taken. 

Professor Huxley, at a meeting of the London School Boards particularly 
mentioned the selection made by Miss Yonge as an example of how selections 
viight be made from the Bible for School Reading, »S>^ Times, March 30, 
1871. 



Catalogue of Works on EnucATioh^y Physical 
and Mental, General and Special. 

Arnold. — Works by Matthew Arnold : — 

A FRENCH ETON; OR, MIDDLE-CLASS EDUCATION 
AND THE STATE. Fcap. 8vo. cloth, zs. 6d. 

This interesting little volume is the result of a visit to France in 1859 
by Mr. Arnold, authorized by the Royal Commissioners, who were 
then inquiring into the state of popular education in England, to 
seek, in their name, information respecting the French Primary 
Schools, "A vefy interesting dissertation on the system oj 
secondary instruction in France, and on the advisability of copyini:^- 
the system in England^ — Saturday Review. 

Jex-Blake.— A VISIT TO SOME AMERICAN SCHOOLS 
AND COLLEGES. By Sophia Jex-Blake. Crown Svo. 
cloth. 6j. 

"/« the following pages I have endeavoured to give a simple and 
accurate account of what I saw during a series of visits to some of 
the Schools and Colleges in the United States. . . . I wish simply 
to give other teachers an opportunity of seeing through my eyes what 
they cannot perhaps see for themselves, and to this end I have 
recorded just such particulars as I should myself care to knozv."— 
Author's Preface. **Miss Blake gives a living picture of the 
Schools and Colleges themselves in which that education is carried 
f7«."— Pall Mall Gazette. 
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Maclaren.— TRAINING IN theory and practice. 

By Archibald Maclaren. 8vo. Handsomely bound in cloth. 

T/ie ordinary agents of health are Exercise, Diet, Sleep, Air, Bathing, 
and Clothing. In this work the author examines each of thesi 
agents in detail, and from two different points of view : firsts as 
to the manner in which it is, or should be, administered under 
ordinary circumstances ; and secondly, in what manner and to 
what extent this mode of administration is, or should be, altered for 
purposes of training ; the object of *^ training,*^ according to the 
author, being **to put the body, with extreme and exceptional 
care, under tJu influence of all the agents which promote its health 
and strength, in order to enable it to meet extreme and exceptional 
demands upon its energies.^^ Appended are Various diagrams and 
tables relating to boat-racing, and tables connected with diet and 
training. *' The philosophy of human health has seldom received 
so apt an exposition.** — Globe. ^^ After all the nonsense that has 
been written about training, it is a comfort to get Hold of a 
thoroughly valuable book at last" — ^John Bull. 

Quain (Richard, F.R.S.)— ON SOME DEFECTS IX 

GENERAL EDUCATION. By Richard Quain, F.R.S. 
Crown 8vo. 3^. 6^. 

Hazing been charged by the College of Surgeons with the delivery of 
the Hunterian Oration for 1869, the author has availed himself of 
the occasion to bring under notice some defects in the general 
education of the country, which, in his opinion, affect injuriously 
all classes of the people, and not least the members of his own pro- 
fession. The earlier pages of the address contain a short notice of 
the genius and labours of John Hunter, but the subject of Education 
will be found to occupy the larger part, **An interesting addition 
to educational literature." — Guardian. 
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Selkirk.— GUIDE TO THE CRICKET-GROUND. By G. H. 
Selkirk. With Woodcuts. Extra fcap. 8vo. y. (xl. 

The introductory chapter of this little work contains a history of the 
National Game^ and is followed by a chapter giving Definitions of 
Terms. Then follow ample directions to young cricketers as to the 
proper style in which to play, information being given on every 
detail connected with the game. The book contains a number of 
useful illustrations , including a specimen scoring- sheet. ** We can 
heartily recommend to all cricketers, old and young, this excellent 
Guide to the Cricket-ground.^^ — Sporting Life. 

Thring.— EDUCATION AND SCHOOL. By the Rev. Edward 
Thring, M.A., Head Master of Uppingham. Second Edition. 
Crown 8vo. cloth. 5^. 6</. 

**y^« invaluable book on a subject of the highest importance^ — 
English Independent. 

Vandervell and Witham. — a system of figure- 
skating : Being the Theory and Practice of the Art as de- 
veloped in England, with a Glance at its Origin and History. By 
H. E. Vandervell and T. M. Witham, Members of the 
London Skating Club. Extra fcap. 8vo. dr. 



C( 



The authors dre ezndently well qualified for the task they have under- 
taken ; and although they have selected a title for their work which 
might possibly d^er a diffident learner from looking into its pages, 
they have nevertheless begun at the beginning, and without assum- 
ing any knowledge on the part of the reader, they have clearly 
pointed out, by a series of instructive diagrams, the footprints of the 
skater, as developed in lines and figures, from the lowest to the 
highest stage of difficulties.*^ — The Field. *^The volume may be 
(ucepted as a manual for the use of all skaters." — Bell's Life. 
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Wolseley (Col. Sir Garnet, C.B.)— the soldier's 

POCKET BOOK. By Colonel Sir Garnet Wolseley, 
C.B. New Edition, enlarged. 4^. 6d. 

This book is indispensable to every soldier^ whether of Oie Regular 
Army or of the Volunteers^ who seeks to be an intelligent defender 
of his country. Full instructions are given on the widest and 
minutest matters^ and the book is written in a clear^ lively styUy 
that at once arrests attention and conveys the desired knowledge. 
The New Edition contains all the most recent RegulcUiotts for thi 
Army and Volunteers; also, for the first time, the Uses and 
Afanagement of Railways in the operations of War are fully 
discussed, Tlie Times says, ** Everybody feds thai it is just what 
he wanted;" the Daily Telegraph, ^^ Every soldier who wishes to 
understand his profession ought to have it;" and the Volunteer 
Service Gazette strongly recommends Volunteers to peruse U 
diligently. 

Youmans. — modern culture : its True Aims and Require- 
ments. A Series of Addresses and Arguments on the Claims of 
Scientific Education. Edited by Edward L. Youmans, M.D. 
Crown 8vo. 8x. 6d. 

Contents. — Professor Tyndall **0n the Study of Physics ;^' Dr. 
Daubeny ^^ On the Study of Chemistry ; " Professor Henfrey ''On 
the Study of Botany;" Professor Huxley ''On the Study of 
Zoology;" Dr. J. Paget ''On the Study of Physiology;" Dr. 
Wltewell ** On the Educational History of Science;" Dr. Faraday 
"On the Education of the Judgment; " Dr. Hodgson ' ' On the Study 
of Economic Science;" Mr. Herbert Spencer " On Political Educa- 
tion;" Professor Masson "On College Education and Self Educa- | 
tion ; " Dr. Youmans ' ' On the Scientific Study of Human Nature. " 
An Appendix contains extracts from distinguished authors, and , 
from the Scientific Evidence given before tJie Public Schools Com- ' 
mission. 
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